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MORRISON CHAROPHYTA FROM WYOMING 





RAYMOND E. PECK 





ABSTRACT 


One new genus (A clistochara) and nine new species of charophytes, represented by oogonia, 
are described from the Morrison (Jurassic?) formation of Wyoming. The oogonia were collected 
at two widely separated localities, each locality yielding a distinctive assemblage of species. 
However, the assemblages as a whole are similar and indicate that this group of fossils may be 
of value in correlating continental deposits of Mesozoic age. 





Correlation of continental deposits 
other than lacustrine is often diff- 
cult. Fossils in such formations are 
usually rare and those that are found 
are seldom of stratigraphic value. 
Ordinarily they are neither suffi- 
ciently distinctive nor widely enough 
distributed to be of much aid. Corre- 
lation by the most abundant fresh- 
water invertebrates, the mollusks, is 
extremely difficult and often impos- 
sible. The genera are long-lived, the 
species ordinarily are only of local 
distribution, and in many cases pres- 
ervation is so poor that identifica- 
tion is not practical. 

Ostracoda have been utilized to 
some extent and seem to offer a fer- 
tile field for investigation. As yet, 
however, there is hardly enough 
known concerning the vertical and 
horizontal distribution of fresh-water 
ostracodes to evaluate them properly. 

The vertebrates, especially the fish- 
es, are occasionally of value, but most 
vertebrates are neither widely distrib- 
uted geographically nor abundant in 
the formations in which they occur. 

Plants are of some value in corre- 
lating continental deposits but the 
conditions necessary for the preser- 
vation of most plants are so seldom 


attained that they are not common 
fossils. 

One group of plants that does 
seem to offer possibilities in the cor- 
relation of fresh-water strata is the 
Charophyta. Charophytes are small 
aquatic plants that, in many cases, 
secrete an incrustation of calcium 
carbonate over the entire organism 
and within the enveloping cells of 
the oogonia. On the death of the 
plant this incrustation usually breaks 
down to form a fine-grained calcare- 
ous mud and the only recognizable 
organic remains are the peculiarly 
spiralled ‘‘lime-shells”’ of the oogonia. 
These “‘lime-shells’’ possess many 
characters that allow them to be 
easily differentiated into species with 
short vertical ranges, as illustrated 
by the studies of Reid and Groves 
(1921) on the lower Headon beds 
(Eocene) of England and of Dolfuss 
and Fritel (1919) on the Tertiary 
beds of the Paris Basin. The genera 
and species of living Charophyta are 
widespread geographically and the 
growing record of fossil representa- 
tives indicates that they were likewise 
widely distributed. Charophyte oogo- 
nia and ostracodes are the only fresh- 
water fossils likely to be recorded 
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in a recognizable state from drill 
samples. 

Although charophyte oogonia are 
abundant in Tertiary deposits and 
many species have been described, 
Mesozoic Charophyta have been gen- 
erally neglected by paleontologists. 
A recent summary by Groves (1933, 
p. 5) lists six valid species from the 
Mesozoic of Europe, three from 
North America, two from South 
America, and one from India. There 
has been no attempt made to study 
these forms systematically and de- 
termine their distribution. 

The scarcity of Mesozoic charo- 
phyte oogonia may be more appar- 
ent than real. Two samples contain- 
ing oogonia from widely separated 
localities in the Morrison formation 
have recently been given to me. One 
sample was collected near Mayo- 
worth, Wyoming, by C. C. Branson, 
who, in his paper on the pelecypods 
and ostracodes of the Morrison (1935, 
p. 514), describes the occurrence as 
a ‘“‘fossiliferous lens of argillaceous 
sand about a foot thick, lying near 
the middle of the Morrison and a 
few feet above a dinosaur-bearing 
member.” 

The other sample was collected by 
Carl Jones and Beverly Bradish, 
graduate students at the University 
of Missouri, near Bell Springs, about 


SYSTEMATIC 


CHAROPHYTA 
Family CHARACEAE 
Genus CHARA Vaillant, 1719 
CHARA VERTICILLATA Peck, n. sp. 
Plate 14, figures 30-33 
Oogonia ellipsoid with flattened to 
gently rounded ends, small, ranging from 





18 miles northwest of Rawlins in 
Carbon County, Wyoming. The Sun- 
dance-Morrison contact is question- 
able in this area. Both formations 
consist largely of greenish sands and 
shales, and fossils are abundant only 
in restricted zones. Dobbin, Hoots, 
and Dane (1927) defined the upper 
limit of the Sundance (Jurassic) for- 
mation as the top of the second lime- 
stone above the Chugwater forma- 
tion. This limestone contains many 
Cam ptonectes sp. Green sandstones 
and shales, 234 feet in thickness, 
occurring between this ‘‘Camptonec- 
tes-limestone’”’ and the overlying 
thick basal conglomerate of the Clo- 
verly formation were referred to the 
Morrison. The sample containing the 
charophyte oogonia was taken from 
a green shale, 5 feet thick, 20 feet 
above the limestone defined as the 
top of the Sundance. 

Of the ten species that comprise 
this Morrison assemblage, only one 
was found in both localities, but the 
assemblages from both localities have 
many features in common. All the 
oogonia are small, many have cellu- 
lar furrows (for explanation of ter- 
minology see Peck, 1934, p. 104), and 
eight of the species are referred toa 
new genus. The new genusalso includes 
previously described oogonia from 
both older and younger formations. 


DESCRIPTIONS 


0.5 mm. to 0.6 mm. in length, the long 
axis of the ellipse approximately one- 
fifth greater than maximum diameter, 
greatest diameter at mid-height. Spiral 
ridges cellular in position, broad, gently 
convex, crossing the equator of the oogo- 
nium at an angle of about 18 degrees and 
completing approximately two turns. 














Eleven spirals visible in lateral view. 
Narrow, shallow furrows mark the lateral 
contacts of the cells. 

Remarks.—C. verticillata is the most 
common type of oogonium found in the 
Morrison near Mayoworth, Wyoming, 
and approximately nine out of every ten 
specimens examined belong to it. There 
is little variation in size and shape, but 
a few individuals are almost as broad as 
long. 

Several recorded species of Chara from 
other localities and horizons closely re- 
semble C. verticillata in size and shape. 
C. stantont Knowlton (1893) from the 
Bear River Cretaceous is longer in rela- 
tion to width, has only eight or nine 
spirals visible in a side view, and has 
cellular furrows instead of cellular ridges. 
Usually there is considerable variation 
within a species in the amount of calcium 
carbonate deposited in the enveloping 
cells, and fossil oogonia belonging to the 
same species may have either cellular 
ridges or cellular furrows. Sometimes, 
however, this is a constant character. I 
have examined approximately 50 speci- 
mens of C. verticillata and all have cellu- 
lar ridges. I have not had the opportunity 
of examining specimens of C. stantoni, 
but the illustrations show cellular fur- 
rows and Knowlton describes the species 
as having ‘‘cells furrowed.” 

C. laevigata Upton from the Inferior 
Oolite of England has more acutely 
rounded ends and has, according to 
Groves (1933, p. 22), a marked projec- 
tion at the base. C. gardnerae Groves 
from the Midway formation of Texas 
has thirteen spiral ridges visible in a side 
view. 

Occurrence.—Near the middle of the 
Morrison formation about 3 miles south 
of Mayoworth, Wyoming. 

Syntypes.— Univ. Missouri, 31011-4. 


CHARA VOLUTA Peck, n. sp. 
Plate 14, figures 16-19 


Oogonia small, measuring about 0.35 
mm. in length and 0.3 mm. in diameter, 
broadly ellipsoid, the sides converging 
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regularly from the greatest diameter at 
mid-height to the somewhat obtusely 
rounded base and summit. Spiral ridges 
intercellular in position, narrow and 
fairly sharp, separated by broad, shallow 
cellular furrows. The spirals complete 
almost two turns around the oogonium, 
and about nine or ten ridges are visible 
in a lateral view. 

Remarks.—This description is based 
on three specimens. Because of the cellu- 
lar furrows and the consequent thinness 
of the “‘lime-shell’”’ all of the specimens 
are somewhat crushed. The one that 
seems to have more nearly retained its 
original shape is chosen as the holotype. 
There is considerable variation among 
the three specimens in the angle of ascen- 
sion of the spirals. If more and better 
preserved material could be examined, it 
might be found that this is a character 
that should be used to divide these forms 
into at least two species. However, as 
the three specimens are the only repre- 
sentatives of the genus Chara from this 
locality and as they resemble each other 
closely in size, shape, and number of 
spirals visible in a side view, it is con- 
sidered probable that they represent the 
same species. 

The size, shape, and number of spiral 
ridges visible in a side view readily dif- 
ferentiates C. voluta from all other re- 
corded North American’ charophyte 
oogonia, but these characters are closely 
paralleled in the descriptions of several 
European species. C. inconspicua Unger 
from the Tertiary of Europe possesses 
cellular ridges. It is possible that some 
individuals of C. voluta might be found on 
which the ridges are cellular in position, 
but fossil charophyte oogonia ordinarily 
represent matured “‘fruits’’ and none of 
the three specimens examined ap- 
proached the calcification stage of cellu- 
lar ridges. C. jaccardi Heer from the 
Jurassic of Europe is larger than C. 
voluta and has only six spirals visible in 
a side view; C. petrolei Andreae from the 
Tertiary of France is oval and has eight 
spirals visible in a lateral view; and C. 
subglobosa Groves from the Tertiary of 
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England is globose-ellipsoid to nearly 
spherical in shape. 

Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation, about 18 miles northwest of 
Rawlins, Wyoming. 

Types.—Holotype and_ paratypes, 
Univ. Missouri, 31011—5 and 31013-5. 


Genus ACLISTOCHARA Peck, n. gen. 


Charophyte oogonia with five sinis- 
trally spiralled units that ascend to a 
truncated summit where they terminate 
without meeting in the center, leaving a 
conspicuous opening into the interior of 
each oogonium. The name is derived 
from &-xXeoTos, not shut. 

Remarks.—Among the Morrison char- 
ophyte oogonia there occurs a consider- 
able number of individuals with summit 
truncations, to which the spiral units 
ascend and terminate without meeting 
in the center, as they meet on specimens 
belonging to the gehus Chara. This sum- 
mit truncation is a constant character on 
well-preserved specimens and is consid- 
ered a structural variation worthy of 
generic rank. 

Although a comparatively large num- 
ber of specific names have been proposed 
for sinistrally spiralled charophyte oogo- 
nia, many of the species have been de- 


fined incidentally in the treatment of a 
flora or fauna composed largely of groups 
other than Charophyta, and the Chara 
have been inadequately described and 
poorly illustrated. For that reason it is 
impossible to determine, in many cases, 
whether the spirals meet at the center of 
the summit or whether they terminate 
at a summit truncation. 

A notable exception to this is found in 
Heer’s (1855) work on the Tertiary flora 
of Switzerland in which he described 
several charophyte oogonia. One of these 
species, Chara bernoullit Unger, shows an 
unquestioned truncated apex which 
Groves (1933, p. 12) explains as “‘being 
probably due to this part (the apex) 
being imperfectly preserved, as very fre- 
quently happens with the fossil fruits.” 
Groves (1925) has also noted that the 
upper part of the “‘lime-shell’’ is the last 
part to calcify and thus is weaker and 
more likely to be broken than other parts 
of the oogonium. Many of the fossil 
oogonia are broken and the apex is the 
part that is ordinarily missing. But a 
charophyte oogonium from which the 
apex has been broken has a very rough, 
irregular margin along the edges of the 
spirals that is not likely to be confused 
with the smooth truncation present on 
specimens of Aclistochara, in which the 





EXPLANATION OF PLATE 14 
(All specimens enlarged 50 diameters) 


Fics. 1-4—Adiistochara latitruncata Peck, n. sp. 1, 4, Lateral and basal views of syntype. 2, 3, 
89) 


Summit and lateral views of syntype. 


(p. 


5-7—Adlistochara oligospirata Peck, n. sp. Summit, lateral and basal views of syntype. 


(p. 89 


8-11—Adlistochara bransoni Peck, n. sp. 8, 9, Lateral and summit views of holotype 
from 18 miles northwest of Rawlins, Wyoming. 10, Lateral view of paratype from 
near Mayoworth, Wyoming. //, Basal view of paratype from 18 miles northwest of 


Rawlins, Wyoming. 


p. 
12-15—A distochara jonesi Peck, n. sp. 12, Lateral view of large syntype. 13-15, Summit, 


lateral, and basal views of synty 


87) 
(p. 88) 








pe. 
16- 19—Chara voluta Peck, n. sp. 16, 18, 19, Basal, summit, and lateral views of holotype. 
17, Lateral view of paratype. (p. 85) 
20-23—A clistochara lata Peck, n. sp. 20, 22, Summit and lateral views of syntype. 2/, 
23, Basal and lateral views of syntype. (p. 88) 
24, 25—Aclistochara elongata Peck, n. sp. Summit and lateral viewsofsyntype. _(p. 89) 
26-29—A clistochara obovata Peck, n. sp. 26, 27, Summit and lateral views of syntype. 
28, 29, Basal and lateral views of syntype. (p. 88) 
30-33—-Chara verticillata Peck, n. sp. 30, Summit view of syntype. 3/, Lateral view of 
small syntype. 32, 33, Basal and lateral views of syntype. (p. 84) 
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calcite filling of the enveloping cells 
failed to reach the center of the summit. 
The “lime-shell”’ of a charophyte oogo- 
nium is secreted within the spiral envel- 
oping cells as five long, independent 
units. According to Reid and Groves 
(1921, p. 182), at maturity the lateral 
walls of the enveloping cells break down 
and the five long units coalesce to form 
a fairly strong protective covering. But, 
as also noted by Reid and Groves (1921, 
p. 182) and verified by my own observa- 
tions, the spiral units separate most 
readily along their lateral edges. When 
the units are broken they break across 
the spirals, at right angles to the lengths, 
not diagonally, thus producing the 
crenulate edge commonly noted. 

In so far as I have been able to deter- 
mine, the summit truncation is not pres- 
ent on modern charophyte oogonia. It 
is not possible to determine whether the 
enveloping cells actually terminated at 
the edge of the truncation and the sum- 
mit opening was covered by coronula 
cells that persisted until after the oospore 
was fertilized, or the enveloping cells 
extended to the center and calcite was 
secreted only up to this truncation. In 
either case the summit truncation is 
seemingly a constant character and is of 
taxonomic value. Two specimens pos- 
sess a small protuberance that is continu- 
ous with the calcite filling of the oogo- 
nium, arising in the center of the summit 
opening. One of these protuberances is 
marked on the sides by five shallow con- 
cavities. It is difficult to visualize how 
this projection could have been formed 
unless the coronula cells were retained 
until the interior was filled with calcite, 
after the escape of the oogonium con- 
tents. This would be impossible if the 
coronula cells did not calcify in part. It 
is probable that future work will disclose 
specimens of Aclistochara with the co- 
ronula cells in place. 

Species of charophyte oogonia that 
should be referred to Aclistochara are as 
follows: Chara bernoullii Unger, Tertiary, 
Germany (Heer, 1855, p. 26, pl. 4, fig. 
6); (?) Chara granulifera Heer, Tertiary, 


Switzerland (Heer, 1855, p. 27, pl. 4, 
fig. 8); Gyrogonites moreyi Peck, Pennsyl- 
vanian, Missouri (Peck, 1934, p. 50, figs. 
1-3, 5, 6). 

Genotype.—Aclistochara bransoni Peck, 
n. sp. 


ACLISTOCHARA BRANSONI Peck, n. sp. 
Plate 14, figures 8-11 


Oogonia small, averaging about 0.4 
mm. in length and 0.39 mm. in width, 
spheroidal in shape, with obtusely 
rounded bases and deeply truncate sum- 
mits. Spiral ridges narrow and promi- 
nent, intercellular in position, and sepa- 
rated by comparatively broad and deep 
cellular furrows. The spirals complete 
about one and one-half turns and cross 
the equator of the oogonium at an angle 
of about 14 degrees. Summit opening 
comparatively large, equaling almost 
one-third the diameter of the oogonium. 
Seven or eight spirals visible in a lateral 
view. 

Remarks.—This description is based on 
five well-preserved specimens. One of 
these, the holotype, possesses an extra- 
ordinarily well-preserved summit area. 
The calcite filling of the oogonium pro- 
jects through the summit opening and is 
indented at the upper ends of the cellular 
furrows by five small concavities (pl. 14, 
fig. 9) that probably mark the location 
of coronula cells. The concavities are 
shown in less detail on other species re- 
ferred to Aclistochara, but the specimens 
are so small that it is very difficult to 
free the summit area of extraneous ma- 
terial. 

This species is named in honor of Dr. 
C. C. Branson, who kindly made his 
collection of Morrison charophyte oogo- 
nia available to me for study. 

Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation about 18 miles northwest of 
Rawlins, Wyoming, and near the middle 
of the Morrison formation about 3 miles 
south of Mayoworth, Wyoming. 

Types.—Holotype and _ paratypes 
Univ. Missouri, 31012-1, 31012-2, and 
31012-3. 
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ACLISTOCHARA OBOVATA Peck, n. sp. 
Plate 14, figures 26-29 


Oogonia of medium size, the syntypes 
measuring 0.5 mm. in height and 0.4 mm. 
in width, obovoid in shape with a 
pointed, somewhat projecting base and a 
truncate summit. Spiral ridges intercel- 
lular in position, narrow, sharp, and sepa- 
rated by broad, shallow cellular furrows. 
The spirals make approximately two 
complete turns, cross the equator at an 
angle of 8 degrees or less, and terminate 
at the edge of a summit opening which is 
about 0.1 mm. in diameter. Eleven 
spirals are visible in a lateral view. 

Remarks.—This description is based 
on two syntypes, both well preserved, 
but one slightly flattened, evidently a 
result of compaction of the enclosing 
shales. Although the ridges are intercel- 
lular in position on both syntypes the 
cellular furrows are very shallow, indicat- 
ing almost complete calcification of the 
enveloping cells. A larger number of 
representatives of the species would prob- 
ably show some individuals with the 
spiral ridges cellular in position. 

The obovoid shape and large number 
of spirals visible in a lateral view readily 
differentiates A. obovata from other spe- 
cies of the genus. 

Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation about 18 miles northwest of 
Rawlins, Wyoming. 

Syntypes.—Univ. Missouri, 31012-4 


ACLISTOCHARA JONESI Peck, n. sp. 
Plate 14, figures 12-15 


Oogonia small, averaging about 0.5 
mm. in height and 0.35 mm. in width, 
subcylindrical in shape with an ob- 
tusely rounded base and truncate sum- 
mit. Spiral ridges cellular in position, 
broad, gently convex, and separated by 
narrow, shallow intercellular furrows. 
The spirals complete almost two turns, 
cross the equator of the oogonium at 
an angle of about 11 degrees, and ter- 
minate at the edge of a summit open- 





ing which is about 0.1 mm. in diameter, 
Nine spirals are visible in a side view. 
Remarks.—This description is based 
on five well preserved syntypes, all of 
which are remarkably uniform in size, 
shape, number of spirals visible in a lat- 
eral view, and in possessing cellular 
ridges and a low equatorial angle. A, 
bransoni has an equatorial angle of 16 
degrees, is wider in relation to length 
than A. jonesi, and has a flattened base, 
Named in honor of Mr. Carl Jones, a 
graduate student at the University of 
Missouri, who collected part of the charo- 
phyte oogonia from the Morrison. 
Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation, approximately 18 miles north- 
west of Rawlins, Wyoming. 
Syntypes.—Univ. Missouri, 31012-5., 


ACLISTOCHARA LATA Peck, n. sp. 
Plate 14, figures 20-23 


Oogonia small, the syntypes measur- 
ing 0.4 mm. in both width and height, 
subglobose in shape with a slightly flat- 
tened base and a deeply truncate sum- 
mit. Spiral ridges intercellular in posi- 
tion, very small and sharp, the inter- 
vening cellular furrows almost com- 
pletely filled and appear as wide, shallow, 
flattened troughs. The spirals complete 
almost two turns around the oogonium, 
cross the equator at an angle of about 
6 degrees, and terminate at the edge of a 
summit opening which is about 0.1 mm. 
in diameter. Nine or ten spirals visible 
in a laterai view. 

Remarks.—This description is based 
on two well-preserved syntypes. These 
specimens are almost exact duplicates, 
but on one the cellular furrows are more 
nearly filled and the intercellular ridges 
are less prominent. Both specimens are 
slightly asymmetrical at the base, a 
feature probably caused by compaction 
of the shale in which they were im- 
bedded. 

The most outstanding character of A. 
lata, is the length-width ratio. As the 
syntypes are almost perfectly circular in 











outline at the equator, the unusual width 
has not resulted from crushing. 
Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation about 18 miles northwest of 
Rawlins, Wyoming. 
Syntypes.—Univ. Missouri, 31013-1. 


ACLISTOCHARA OLIGOSPIRATA Peck, n. sp. 
Plate 14, figures 5-7 


Oogonium very small, the syntypes 
averaging 0.38 mm. in height and 0.3 
mm. in width, subcylindrical, with the 
sides diverging for a short distance be- 
yond a slightly flattened base and then 
ascending parallel to each other to near 
the summit where they converge slightly 
to a deep truncation. Spiral ridges prom- 
inent, intercellular in position, making 
one complete turn and crossing the equa- 
tor of the oogonium at an angle of 22 
degrees. Five spirals visible in a side 
view. 

Remarks.—This description is based 
on two syntypes that differ markedly 
from the associated oogonia in size and 
number of spirals visible in a side view. 

Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation about 18 miles northwest of 
Rawlins, Wyoming. 

Syntypes.—Univ. Missouri, 31013-3. 


ACLISTOCHARA ELONGATA Peck, n. sp. 
Plate 14, figures 24, 25 

Oogonia small, the syntypes averaging 
0.53 mm. in height and 0.35 mm. in 
width, subcylindrical in shape, the sides 
expanding gradually from the slightly 
flattened base to the greatest diameter at 
about mid-height, and then gradually 
converging to a deeply truncate summit. 
Spiral ridges fairly low and wide, inter- 
cellular in position, and separated by 
shallow cellular furrows of unusual 


width. The spirals complete approx- 
imately one and one-half turns and cross 
the equator at an angle of about 20 
degrees. Seven or eight spirals visible in 
a lateral view. 

Remarks.—This description is based 
on two well-preserved syntypes. They are 
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distinctive in the length-width ratio, 
which gives them an elongate, cylindrical 
appearance; in the high angle made by 
the spirals with the equatorial plane; and 
the unusual width of the cellular furrows. 
A. oligospirata Peck is subcylindrical in 
shape, is much smaller than A. elongata, 
and has wide cellular furrows that cross 
the equatorial plane at a high angle. 
Ordinarily some variation in size is ex- 
pected within a species but most fossil 
charophyte “‘lime-shells’’ represent ma- 
ture oogonia. It is only in the mature 
oogonium that sufficient calcium carbon- 
ate is secreted to preserve the unit as 
such. For that reason a marked variation 
in size, such as is presented by A. oligo- 
spirata and A. elongata, is sufficient for 
specific distinction. 

Occurrence.—A light-green shale mem- 
ber in the lower part of the Morrison 
formation, approximately 18 miles north- 
west of Rawlins, Wyoming. 

Syntypes.—Univ. Missouri, 31013-2. 


ACLISTOCHARA LATITRUNCATA Peck, n. sp. 
Plate 14, figures 1-4 


Oogonia larger than average, measur- 
ing 0.5 mm. in width and height, sub- 
conoidal, the sides of the lower half rising 
in a rapidly expanding cone to slightly 
above mid-height and thence contracting 
slowly to a deeply truncate summit. 
Spiral ridges cellular or intercellular in 
position. If cellular, the broad, gently 
convex ridges are separated by narrow 
intercellular furrows—if intercellular, the 
sharp, narrow ridges are separated by 
broad shallow cellular furrows. The 
spirals complete approximately one and 
one-half turns and cross the equator of 
the oogonium at an angle of from 12 
degrees to 18 degrees. Eight or nine 
spirals visible in a side view. 

Remarks.—This description is based 
on three syntypes, two of which have 
cellular ridges, and one intercellular 
ridges. The position of the spiral ridges 
depends on the degree of calcification of 
the enveloping cells, a variation such as 
may occur among the oogonia of any 
species of Charophyta. 
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The subconoidal shape and deep 
summit truncation readily differentiate 
A. latitruncata from other species of the 
genus. 

Occurrence.—Near the middle of the 
Morrison formation about 3 miles south 
of Mayoworth, Wyoming. 

Syntypes.—Univ. Missouri, 31013-—4. 
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CRETACEOUS AND TERTIARY FORAMINIFERA FROM SOUTHERN 
SANTA CLARA PROVINCE, CUBA 





A. A. THIADENS 





ABSTRACT 


Foraminiferal faunas of Upper Cretaceous, upper Eocene, Oligocene, and Miocene age 
from southern Santa Clara province, Cuba, are described. Lepidorbitoides rutteni, L. rutteni var. 
armata, L. palmeri, and L. macgillavryi are new forms from Upper Cretaceous beds. A doubt- 
ful species belonging to the Peneroplidae is discussed. Species that until now have been con- 
sidered to be of upper Eocene age only and other species of Oligocene age only, have been found 
together. Lepidocyclina tschoppi is a new species of the transitional beds between upper Eocene 
and Oligocene. The synonymy of Lepidocyclina favosa and L. formosa is discussed. Several 
species that are combined by some authors are here separated. Lepidocyclina (Eulepidina) petri 
isa new species of Oligocene age. 





The material here described was’ geologists from Utrecht with Prof. 
collected in March and April, 1933, L.M. R. Rutten. The geological re- 
during a geological survey by some _ sults will be published later; given 
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Fic. 1-A—Sketch map of the neighborhood of Cienfuegos and San Fernando. 
B—Sketch map of the neighborhood of Jatibonico. 
C, F—Sketch maps of parts of the railway from Placetas to Trinidad through the 
Sierra de Trinidad. 
D—Sketch map of the Carretera Central near Sancti Spiritus. 
E—Sketch map showing V 300 near Guayos on the Carretera Central. 
G—Sketch map from the neighborhood of Cabaiguan. 
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here are notes on the Foraminifera, 
which range in age from Upper Cre- 
taceous to Miocene. They were ob- 
tained from weathered limestones 
and white marls at localities indi- 
cated on accompanying sketch maps 
(fig. 1). Locs. L 229 and L 232, not 
shown on the maps, are situated 
respectively on the east bank of 
Ramirez River near its mouth, and 
at Punto Barril on Cienfuegos Bay. 
The letters L, M, H, and V, pre- 
ceding the field numbers, indicate 





respectively the collectors L. Rutten, 
M. Rutten, H. Mac Gillavry, and L, 
Vermunt. All the specimens here de- 
scribed are in the Mineralogical-Ge- 
ological Institute of Utrecht Univer- 
sity, Holland. The numbers preceded 
by D indicate thin-sections in this 
Institute. 

The faunas found at the different 
localities, their geological ages, and 
the mode of occurrence of the differ- 
ent species are indicated on the five 
accompanying tables. 


Upper Cretaceous Foraminifera from Santa Clara province, Cuba 








Localities M 29 


M 62 


M 76 | M 101} L 128} L 140] L. 225/ V 300 





(?) Archaias ruttenit (Palmer)....| — - 
Camerina vermunti Thiadens, n.sp.|_ — — 


oS ae — 


Orbitoides palmeri Gravell....... r 
Orbitoides apiculata Schlumberger .| — 
Lepidorbitoides rutteni Thiadens, 


Orbitoides browni (Ellis)......... c c 


SS SEC eeeLeeeeeeeree ee me 7 


Lepidorbitoides rutteni var. armata 


TRIGGENG, A. VAL... 006540606 — — 


Lepidorbitoides macgillavryi Thia- 


Ne rai osc caine 044 ow ee J; — — 


Lepidorbitoides palmeri Thiadens, 


DG Cinch sie ecno occured — — 
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r=rare; c=common; a =abundant. 


Upper Eocene Foraminifera from Santa Clara province, Cuba 











Localities 


L 431 | L 549 


< 
— 
~ 


M 678) M 681) L 216 





Dictyoconus fontabellensis Vaughan........... 
Camerma pétrs Mi. Rutten .........5.. 006.006 
Camerina sp., cf. C. parvula Cushman....... 


Camerina sp. D 


Lepidocyclina mortoni Cushman............. 
Lepidocyclina pustolosa H. Douvillé.......... 
Lepidocyclina trinitatis H. Douvillé.......... 
eee 
Helicolepidina spiralis Tobler............... 
Discocyclina blumenthali Gorter and Van der Vlerk| c 
Discocyclina vermunti Rutten............... 
MRR oi scice. 5 «551s sis) ol ssid 61 aie sng ee 


Cc 
Cc 
oe — a 
Cc 
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r=rare; c=common; a=abundant. 
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Foraminifera of transitional beds between upper Eocene and Oligocene from 
Santa Clara province, Cuba 








Localities 


L 588 L 590 





Lepidocyclina maracaibensis ae 
Lepidocyclina mortoni Cushman............. 
(?) Lepidocyclina supera (Conrad)........... 
Lepidacyclina tschoppi Thiadens, n. sp........ 
Lepidocyclina weekss Tlodwom................ 
Lepidocyclina formosa Schlumberger.......... 
Helicolepidina spiralis Tobler............... 


lel tle] 











r=rare; C=common; a=abundant. 


Oligocene Foraminifera from Santa Clara province, Cuba 












































Localities H 25 | L 229| M 587| M 596, H4 | H 10 
TINE MO IR io 5.55 5a 5 eS ow Aww ww wade a r a — — — 
NN MN BD osc vig. S30 ane Ga wae sese aa eewe _ r — — r c 
PE erotics cma mnie Sikes Cie — r —- = -- — 
Lepidocyclina formosa Schlumberger............ c a c c — — 
Lepidocyclina undosa Cushman................ — a — — — — 
Lepidocyclina marginata (Michelotti)........... — a — oe — = 
Lepidocyclina petri Thiadens, n. sp............. — — a — — —_ 
r=rare; Cc=common; a=abundant. 
Oligocene- Miocene Foraminifera from Santa Clara province, Cuba 
Localities M 591 M 595 i 232 
Archaias adunca (Fichtel and Moll)....... r a a 
Amphisorus matleyi Vaughan............. c a — 
Miogypsina hawkinsi Hodson............ — a a 








r=rare; Cc=common; a=abundant. 


Among results of this study the 
following may be noted: (1) The oc- 
currence of Camerina in Upper Cre- 
taceous rocks of Cuba is remarkable 
in my opinion. The species are all 
very small and are ornamented with 
one or several knobs or are smooth. 
(2) Eulepidine lepidocyclinas, which 
until now have been thought to occur 
only in Oligocene beds of the Antil- 
lean region, are here reported in asso- 
ciation with typical Eocene forms, 


such as J[elicolepidina spiralis and 
Lepidocyclina mortont. (3) Question 
as to existence of truly generic differ- 
ences between Sorites and A mphisorus 
has been raised by my study of the 
common Miocene form Amphisorus. 
(4) A species which closely resembles 
Archatas adunca has been found in 
Cretaceous sediments. (5) Gigantic 
and twinned nucleoconchs have been 
found in specimens of Orbitoides 
brownt and Lepidorbitoides rutteni. 
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SYSTEMATIC DESCRIPTIONS 


Genus PLANULARIA Defrance, 1824 


PLANULARIA sp. 
Plate 16, figures 2, 3 


Test of medium size, flat, bilaterally 
symmetrical, semicircular, involute, com- 
posed of one and a half to two whorls 
that increase rapidly in width, the last 
containing 18 chambers; sutures, mar- 
ginal cord and central knob of white 
shell material, sutures strongly curved 
backward in the first whorl, straight in 
the last whorl except on the periphery 
where they are curved backward; meas- 
urements of the last chamber, radial 0.6 
mm., tangential 3.3 mm. Embryonal 
apparatus consists of one large subspheri- 
cal chamber measuring 520u. Diameter 
of the test, 3.75 mm. X2.55 mm.; thick- 
ness 0.55 mm. 

Occurrence.—Only two specimens have 
been found. These are from Loc. L229, 
Oligocene, Santa Clara province, Cuba. 
Figured specimens, Min.-Geol. Inst., 
Utrecht, D15972, D15973. 


Genus Dictyoconus Blanckenhorn, 1900 


DicTYOCONUS FONTABELLENSIS 
(Vaughan) 
Plate 16, figure 13 

Cushmania fontabellensis VAUGHAN, 1928, 
Jour. Paleontology, vol. 1, p. 282, pl. 44, 
fig. 3. 

Dictyoconus fontabellensis (VAUGHAN), 1932, 
Jour. Paleontology, vol. 6, pp. 97, 98, pl. 
14, figs. 6, 7. 

The base of this species is flat, or in 
some cases slightly convex at the periph- 

ery. Apertures at the base large (pl. 16, 





fig. 13). Thickness of the basal chamber 
walls is about 70u. Marginal trough di- 
vided into two to four cellules. Platforms 
in center near the base separated 140y- 
170u and at the periphery 180u. Height, 
1.1 to 1.6 mm., diameter of base 1.6 to 
2.0 mm. 

Occurrence—Upper Eocene, Santa 
Clara province, Cuba. Hypotypes, Min.- 
Geol. Inst., Univ. Utrecht, D15464, 
D15495. 


1792 
CAMERINA VERMUNTI Thiadens, n. sp. 


Plate 16, figures 1, 11, 12; Text- 
figures 2C, 3A, E 


Test small, circular, symmetrical or 
asymmetrical with regard to the equa- 
torial plane, involute; composed of three 
to three and one-half whorls that increase 
regularly in width, the last containing 
19 to 23 chambers; surface smooth, with 
or without a central knob, sometimes 
striate; sutures radiate. Embryonic ap- 
paratus consists of one spherical cham- 
ber, 60u to 90u. Septa straight, radiating, 
rather thick, clearly double. Chambers 
trapezoid, radial diameter twice the 
tangential (in last whorl 300u x 150y). 
Aperture unknown. The vertical section 
is difficult to obtain because of recrystal- 
lization and secondary filling of the test. 
A median groove occurs on the edge 
(text-fig. 3A, E), as found also by Ver- 
munt in material of Pinar del Rio. Only 
three of fifteen thin sections of the loose 
material show it, but thin sections of 
solid rock show it very well. The marginal 
wall is generally damaged and recrystal- 


Genus CAMERINA Bruguiére, 





EXPLANATION OF PLATE 15 


(All specimens from Santa Clara province, Cuba) 
Fics. 1, 7—(?)Archaias, (?) Meandropsina, (?) Fallotia, or another genus of the Peneroplidae. /, 


External view, 16.7. 7, Horizontal section X 23.6. Upper Cretaceous. 
2—Camerina sp. A. Vertical section, X31. Oligocene. 
3—Camerina sp. B. Horizontal section, X 18. Oligocene. 
4—Camerina sp. C. Horizontal section, X 19.5. Upper Cretaceous. 


(p. 98) 


5, 8, 9—Lepidorbitoides (Lepidorbitoides) rutteni Thiadens, n.sp. 5, Vertical section, X37. 
8, Horizontal section showing a twinned nucleoconch, X 24.5. 9, Horizontal section, 


x32. Upper Cretaceous. 


(p. 100 


6—Camerina sp. cf. C. parvula (Cushman). Vertical section, X48. Upper Eocene. (p. 95) 
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Thiadens, Cretaceous and Tertiary Foraminifera 


























lized. Measurements and number of 
whorls are indicated in text-fig. 2C. 
Remarks.—The straight _ radiating 
septa and the median groove on the 
edge are characteristic for this species. 
It differs from C. dickersoni Palmer in 
the greater thickness of its test and the 
form of its septa. C. cubensis Palmer, 
which typically is ornamented by many 
knobs, is also quite different from C. 
vermunti. The species is named in honor 
of Mr. L. W. J. Vermunt. 
Occurrence-—Upper Cretaceous, Loc. 
L 128 (type locality, see sketch map A) 
near Abra de Castillon, 13 km. east- 
southeast of San Fernando, Santa Clara 
province, Cuba. Syntypes, Min.-Geol. 
Inst., Univ. Utrecht., D15917—D15952. 


CAMERINA sp. cf. C. PARVULA 
(Cushman) 
Plate 15, figure 6; Plate 16, figure 8 
Nummulites parvula CUSHMAN, 1919, Geol. 

Pal. West Indies, Contr., p. 51, figs. 3-6. 
Camerina sp. cf. C. parvula GRAVELL, 1933, 

Smithsonian Misc. Coll., vol. 89, pp. 14, 

15, pl. 1, fig. 6. 

Tests small, thick, lenticular, center 
marked by clear shell material which may 
be raised sometimes forming a knob; 
composed of three whorls, the last con- 
taining about 19 chambers measuring 
3704 (radial) X180u (tangential); walls 
strongly curved. Surface striate. Em- 
bryonic apparatus consists of one spheri- 
cal chamber 148u in diameter. Vertical 
section shows one large central pillar and 
thick walls (190). 

Remarks.—This species differs from C. 
parvula only in the number of chambers. 

Occurrence——Upper Eocene, Santa 
Clara province, Cuba. Figured specimens 
Min.-Geol. Inst., Univ. Utrecht, D15898— 
D15903. 

CAMERINA sp. A 
Plate 15, figure 2 


Test small (diameter, 2.7 mm., thick- 
ness, 0.74 mm.), lenticular, involute, 
composed of three whorls, surface smoth, 
no pillars; only the vertical section 
known. This form is characterized by a 
large median keel, measuring 260y in the 
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last whorl. The initial chamber is large 
and subspherical, 0.3 mm. in diameter. 
Remark.—Only one specimen at hand. 
Occurrence.—Oligocene, Santa Clara 
province, Cuba. Figured specimen, Min.- 
Geol. Inst., Univ. Utrecht, D15894. 


CAMERINA sp. B 
Plate 15, figure 3; Text-figures 3B, D 


Test small (diameter, 2.6 mm., thick- 
ness, 0.9 mm.), lenticular, involute, com- 
posed of about four to five whorls, the 
last one containing 28 septa; surface 
smooth; sutures radiating from center, 
bending backward on periphery. The 
form of the chambers is very character- 
istic, the septa showing a marked back- 
ward inclination of 110 to 140 degrees at 
three-fourths of the height of the cham- 
ber; septa from the outer side of the 
inner wall come down at an angle of 90 
degrees, reaching the inner side of the 
outer wall with an angle of 20 to 50 de- 
grees. Chambers twice as high as long. 
Septa rather thick and clearly double. 
Initial chamber subspherical. 

Remarks.—Although this is probably 
a new species, it has not been named be- 
cause the material, consisting of only 14 
specimens, is too poor for adequate 
specific characterization. 

Occurrence.—Oligocene, Locs. L 229, 
H 4, and H 10 (map A), Santa Clara 
province, Cuba. Figured specimens, Min.- 
Geol. Inst., Univ. Utrecht, D15895- 
D15897, D16065—D16076. 


(?)CAMERINA sp. C 
Plate 15, figure 4; Plate 16, figures 7, 10 


Test small, thick, umbonate, with in- 
distinct margin, completely involute, 
with two whorls that increase rapidly in 
height, the last containing 13 chambers; 
surface smooth. Septa straight, directed 
strongly backward, rather thick, double. 
Vertical sections show that the walls are 
thick and lamellar. The last chamber 
measures 740yu (radial) X180u (tangen- 
tial). The last chamber of the first whorl 
measures 300u (radial) X220u (tangen- 
tial). Diameter of test, 1.6 to 2.8 mm. 
Thickness, 0.7 to 1.5 mm. 
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Lepidocyclina and Lepidorbitoides. 





Fic. 2.—Diagrams showing measurements of species of Camerina, 





Remarks.—I refer this form to the 
genus Camerina because of its thickness 
and its highly involute character.? 

Occurrence.—Upper Cretaceous, Loc. 
L 128 (map A), Santa Clara province, 
Cuba. Hypotypes, Min.-Geol. Inst., 
Univ. Utrecht, D15885—D15893. 





1 According to information from Dr. T. 
Wayland Vaughan this form is identical with 
Operculinoides antiguensis Vaughan and Cole 
(U.S. Nat. Mus., Proc., in press). 


H 
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CAMERINA sp. D 

Text-figure 2G 
Test of medium size, lenticular, com- 
pletely involute, composed of four to six 
whorls with 24 chambers in the fourth 
whorl, chambers strongly curved back- 
ward, shorter tangentially than radially, 
in the last whorl measuring 0.37 mm. 
(tangential) X0.6 mm. (radial); surface 
smooth, sutures of clear shell material 
not always visible. Lateral and vertical 
sections show a large central column. 








EXPLANATION OF TEXT-FIGURE 3 
(All specimens from Santa Clara province, Cuba.) 


A, E—Camerina vermunti Thiadens, n.sp. A, Vertical section, X51. E, Vertical section, 
X58. Upper Cretaceous. (p. 94) 

B, D—Camerina sp. B. B, Horizontal section, X9. D, Vertical section, X9. Onences 
p. 95 

C—Lepidocyclina (Lepidocyclina) maracaibensis Hodson. Horizontal section, X21. Transi- 
tion beds, upper Eocene-Oligocene. (p. 103) 

F, J—Lepidorbitoides (Lepidorbitoides) rutteni Thiadensn.sp. F, Horizontal section, X45. 
J, Horizontal section, X52. Upper Cretaceous. (p. 100) 

G, L—Lepidorbitoides (Lepidorbitoides) rutteni var. armata Thiadens., n. var. G, Hor- 
izontal section, X50. L, Horizontal section, X47. Upper Cretaceous. (p. 101) 
H—Lepidocyclina (Lepidocyclina) tschoppi Thiadens, n.sp. Horizontal section, X23. 
Transition beds, upper Eocene-Oligocene. (p. 103) 
K—Lepidorbitoides (Lepidorbitoides) macgillavryi Thiadens, n.sp. Horizontal section, 
X52. Upper Cretaceous. (p. 101) 
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Walls and marginal cord thick. Embryon 
consists of one subspherical chamber in 
macrospheric forms. Microspheric forms 
also have been found. Measurements of 
test, diameter 3 to 4 mm.; thickness 1.6 
mm. to 2.3 mm. 

Remarks.—This species is related to C. 
petri M. Rutten, but differs in the form 
of its chambers. 

Occurrence.—Upper Eocene, Loc. M 
678 (map C), Santa Clara province, 
Cuba. Figured specimens, Min.-Geol. 
Inst., Univ. Utrecht, D15904—D15916. 


Family PENEROPLIDAE ( ?) 


Genus ARCHAIAS, FALLOTIA, MEAN- 
DROPSINA, or another genus of this family 


Plate 15, figures 1, 7 


(?)Meandropsina rutteni PALMER, 1934, Soc. 
cubana hist. nat., Mem., vol. 8, no. 4, pp. 
252-255, pl. 12, fig. 2, text-figs. 15, 15A. 


The five specimens here discussed prob- 
ably belong to the Peneroplidae but it is 
not proved that they are porcellaneous. 
Test small, lenticular, circular, plani- 
spiral, bilaterally symmetrical, com- 
pletely involute. The form and arrange- 
ment of the chambers are the same as in 
Archaias, the chambers being divided 
into chamberlets by delicate partitions, 
but whether the partitions join the con- 
cave face of the succeeding chambers is 
not determinable. Annular chambers 
have not been seen. 


Measurements of specimens 


Diameter (mm.) 2.4 2.6 1.8 2.25 1.85 
Thickness (mm.) 04 0.6 0.55 0.6 0.6 
Number of whorls? ? ? f 35 
Chambers in the 

last whorl 29 ? ? ? 26 


Undoubtedly this is the same form as 
Palmer (1934) describes, as follows: 


Test very thin-walled and delicate, por- 
cellaneous?; small in size seldom exceeding 
2.2 mm. in diameter with a thickness of 1 
mm.; oval in side view, bilaterally sym- 
metrical, completely involute, compressed. 
Periphery narrow and rounded. Umbonal 
region slightly depressed. Surface smooth 
and without ornamentation. Suture lines very 
broadly curved and slightly depressed, 20 to 





25 narrow chambers in the final whorl sub- 
divided by numerous (more than 60 in the 
last formed chambers) delicate partitions into 
chamberlets. The partitions of the chambers 
are in two series, a primary series which ap- 
pears to join the concave face of the succeed- 
ing septum and a secondary series extending 
approximately half way to the contiguous 
septum. Apertures not discernible. Meander- 
ing superficial layers absent. In horizontal 
section a specimen measuring 2 mm. in di- 
ameter and comprising three whorls has a 
small spherical initial chamber measuring 
0.066 mm. The vertical section shows the test 
to be completely involute. 


The generic determination of this 
form is difficult. Palmer says at the bot- 
tom of text-figure 15A that the secondary 
partitions at the bottom are superficial 
and do not appear in sections, which is 
remarkable. If later on it should appear 
that these secondary partitions really 
exist, this could well be the basis for 
establishing a new genus. I am inclined 
to doubt their existence, however, and 
to regard these ‘“‘secondary partitions” 
as superficial ornamentations. There are 
several objections to Palmer’s reference 
of this form to Meandropsina. (1) The 
meandering superficial layers, typical of 
Meandropsina, never have been found. 
Palmer obviates this difficulty by assum- 
ing that we have only young forms, as 
described by Schlumberger (1899). (2) 
In that case, however, neither Palmer 
nor I have found adult specimens; al- 
though, as Palmer says, fragments are 
almost invariably present in large collec- 
tions of the Upper Cretaceous from 
Cuba. (3) We have to do with forms with 
complete partitions, as is evident from 
Palmer’s description. With regard to 
this feature we encounter the following 
inconsistency. Schlumberger states in 
the original description of the genotype 
of Meandropsina that the chambers are 
subdivided into chamberlets by incom- 
plete septa, but his figure (Schlumberger, 
1899, pl. 9, fig. 11) undoubtedly shows 
complete septa in several places. A new 
description of the type material is needed 
to determine whether Meandropsina has 
complete or incomplete septa. The same 














difficulty occurs in the case of Fallotia 
H. Douvillé, of which I have not seen a 
horizontal section showing the incom- 
plete septa to which Douvillé (1902, 
table, p. 305) refers. It seems improper 
to identify the form here discussed as 
Meandropsina since the typical meander- 
ing lateral chambers of this genus are 
lacking, and since there is no sufficiently 
unambiguous description of the geno- 
type. Should Meandropsina and Fallotia 
have incomplete septa, then our form 
should be classed with Archaias. It strik- 
ingly resembles A. adunca (Fichtel and 
Moll), but differs from it in the number 
of chambers and chamberlets. If Mean- 
dropsina and Fallotia have complete 
septa, then it is possible that our form 
belongs to either of them, with prefer- 
ence for Fallotia because of the first two 
objections raised by me above. 
Occurrence-—Upper Cretaceous, Loc. 
L 128 (map A), Santa Clara province, 
Cuba. Figured specimens, Min.-Geol. 
Inst., Univ. Utrecht, D16083—D16086. 


Genus ORBITOIDEs d’Orbigny, 1847 
ORBITOIDES PALMERI Gravell 


Orbitoides palmeri GRAVELL, 1930, Jour. 
Paleontology, vol. 4, pp. 269, 270, pl. 22, 
figs. 1-10. 

Our forms agree well with the descrip- 
tion and figures given by Gravell. In 
some cases the test is biconically sym- 
metrical and almost lenticular. 

Occurrence.—Upper Cretaceous, Santa 
Clara province, Cuba. Hypotypes, Min.- 
Geol. Inst., Univ. Utrecht. D15516- 
D15522. 


Genus LEPIDORBITOIDES Silvestri, 1909 


M. G. Rutten (1935) has shown that 
Orbitocyclina and Lepidorbitoides are 
synonyms, for stolons occur in Lepidor- 
bitoides minor. It is possible, as suggested 
by Tan Sin Hok (1934), that the geno- 
type of Lepidorbitoides (L. socialis) lacks 
stolons and, therefore, doubt might be 
expressed concerning acceptance of this 
synonymy. M. G. Rutten, however, has 
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recently studied L. socialis from Bous- 
sens, the type locality of the genotype, 
and has shown the existence of stolons 
in this form. These can be seen in Rut- 
ten’s photographs, one of which is printed 
here (pl. 19, fig. 9). Vaughan (1936) has 
found also that L. socialis has six stolons 
to each chamber. The synonymy is thus 
definitely proved. 

Tan Sin Hok (1934) has pointed out in 
figures by Vaughan and M. Rutten a 
difference in the arrangement of the peri- 
embryonal chambers in L. minima and 
L. minor, the former having only one and 
the latter two Hauptauxiliarkammern. 
Whether these features are of generic 
significance I cannot say. All but one of 
my specimens studied have two Haupt- 
auxtliarkammern (text-figure 3F, G, J, 
K, L). 

It is desirable to discuss the validity of 
the two European species L. socialis and 
L. minor. Schlumberger (1901, 1902) de- 
scribed Orbitoides socialis and O. minor 
as two Upper Cretaceous species. Silvestri 
(1907) created for O. socialis the new 
genus Lepidorbitoides. Recognizing the 
Lepidorbitoides character of O. minor, 
H. Douvillé considered this form to 
be only a variety of L. socialis and he 
named it Lepidorbitoides socialis race 
minor. He considered that between L. 
socialis and L. socialis race minor there 
is only a difference in dimensions. 

In the paleontological collection of 
the Min.-Geol. Inst., Univ. Utrecht, we 
have type material of L. socialis from 
the Maastrichtian beds near Boussens 
(France) and of L. minor from the Maa- 
strichtian of Maastricht (Holland), and 
in addition we have specimens of L. 
minor from the Maastrichtian of La 
Feza in the Sierra del Cadi, northern 
Spain (Boissevain, 1934). I have studied 
this material and have come to the con- 
clusion that various differences that are 
of specific value distinguish these two 
forms. These differences are shown in the 
following table (see also pl. 16, figs. 4, 5, 
and text-figures 2E, F, for differences in 
shape). 
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Comparison of characters of Lepidorbitoides socialis and L. minor 


Lepidorbitoides socialis 
Flat; diameter, 6.7 to 11.9 mm., thickness 
0.7 to 1.1 mm. 
Equatorial chambers hexagonal, 
ameter longer than tangential. 


radial di- 


Lateral chambers 37, high, higher than their 
horizontal walls. 

Pillars varying little in diameter (110, to 
145,). 

Embryonic apparatus: first chamber 140. to 
180u, second chamber 1754 X240u to 185 
X370z. 

(Occurs in southern France.) 


Lepidorbitoides minor 


Lenticular; diameter, 2.5 to 6.3 mm., 
ness 0.6 to 2.0 mm. 

Equatorial chambers never hexagonal, radial 
diameter as long as tangential, spatulate or 
ogival. 

Lateral chambers 25y high, as high as their 
walls. 

Pillars varying in diameter, thickest in the 
center (100u to 180,). 

Embryonic apparatus: first chamber 148,, 
second chamber 148y X229u. 


thick. 


(Occurs in Holland and northern Spain.) 





Subgenus LEPIDORBITOIDES 
Silvestri, 1909 


LEPIDORBITOIDES (LEPIDORBITOIDES) 
RUTTENI Thiadens, n. sp. 
Plate 15, figures 5, 8, 9; Plate 17, figure 5; 
Plate 19, figure 8; Text-figures 
2A, B; SF, J 


Test of medium size, flat, circular, 
symmetrical and sometimes asymmetri- 
cal with regard to the equatorial layer 
(in the latter case saucer-shaped), dis- 
coid, slightly thicker in the center than 
on the periphery. Surface smooth, reticu- 
late, no pillars. Lateral chambers open, 
thick-walled, five to nine layers, in ver- 
tical section measuring 25u X70yu to 50u 


to short-hexagonal and spatulate to 
truncate, arranged on concentric circles, 
Measurements 140y (radial) X110y (tan- 
gential), 954 110u and 744 x<74u. On 
vertical section the equatorial layer in- 
creases in height from 26y in the center 
to 90u on the periphery. Embryonic ap- 
paratus of the Lepidorbitoides-type, one 
small subspherical primary chamber fol- 
lowed by a larger reniform second one, 
together measuring 90u X110u to 260y 
X290u, average 120u x180u. The two 
initial chambers are followed by six to 
ten chambers, gradually diminishing in 
size, but all larger than the other equa- 
torial chambers, spirally arranged. In 
one specimena twinnedembryon is found. 





X100u. Equatorial chambers hexagonal Measurements of the test: diameter 3 





EXPLANATION OF PLATE 16 
(All specimens from Santa Clara province, Cuba, except figs. 4 and 5) 
Fics. 1, 11, 12—Camerina vermunti Thiadens, n.sp. J, External view, X14. 1/1, 12, Both 


horizontal sections, X20. Upper Cretaceous. (p. 94) 
2, 3—Planularia sp. External views, X 14.2. Oligocene. (p. 94) 
4—Lepidorbitoides (Lepidorbitoides) minor Schlumberger. External view of topotype, 
4.27. Maastrichtian beds, Maastricht, Holland. (p. 100 
5—Lepidorbitoides (Lepidorbitoides) socialis (Leymerie). External view of topotype, X4.27. 
Maastrichtian beds, near Boussens, France. (p. 100) 
6—Lepidorbitoides (Lepidorbitoides) rutteni var. armata Thiadens, n. var. External view, 
X14. Upper Cretaceous. (p. 101) 
7, 10—Camerina sp. C. 7, Vertical section, X50. 10, Horizontal section, X22. tener 
Cretaceous. (p. 95) 


8—Camerina sp. cf. C. parvula (Cushman). Horizontal section, X 21. Upper Eocene. (p. 95) 
9—Lepidorbitoides (Lepidorbitoides) macgillavryi Thiadens, n. sp. Horizontal section, 
X34. Upper Cretaceous. (p. 101) 
13—Dictyoconus fontabellensis (Vaughan). Outside of the base with apertures, X 18.Upper 
Eocene. (p. 94) 
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mm.to 5 mm. (see also text-fig. 2B), aver- 
age 4.2 mm.; thickness, 0.4 mm. to 0.7 
mm., average 0.6 mm. 

Remarks.—This species is distin- 
guished from all known species of Lepi- 
dorbitoides by its flatness and small size 
in combination with the hexagonal equa- 
torial chambers and the absence of pil- 
lars. It is named in honor of Prof. L. M. 
R. Rutten. 

Occurrence.—Upper Cretaceous, Loc. 
L 128 (map A) type locality, near Abra 
de Castellon, 13 km. east-southeast of 
San Fernando, Santa Clara province, 
Cuba. Syntypes, Min.-Geol. Inst., Univ. 
Utrecht, D15779-D15810. 


LEPIDORBITOIDES (LEPIDORBITOIDES) 
RUTTENI var. ARMATA Thiadens, 
n. Var. 

Plate 16, figure 6; Text-figures 
2A, B; 3G, L 


This variety is characterized by a fine 
to coarse papillate surface, the papillae 
being the ends of pillars. The papillae 
are thickest in the center, diminishing 
in diameter towards the periphery (100- 
90-80—70-60u). Lateral chambers are 
fissiform, arranged in vertical rows, meas- 
uring 25u X100y. 

Occurrence.—Upper Cretaceous, Loc. 
L 128 (map A), type locality, near Abra 
de Castellon, 13 km. east-southeast of 
San Fernando, Santa Clara province, 
Cuba. Syntypes, Min.-Geol. Inst., Univ. 
Utrecht, D15811-D15852. 


LEPiDORBITOIDES (LEPIDORBITOIDES) 
PALMERI Thiadens, n. sp. 
Plate 17, figures 2, 9, 10; 

Text-figures 2A, B 


Test of medium size, lenticular, or 
with a low, broad umbo and narrow 
margin. Surface smooth, in some cases 
very finely papillate, with small obscure 
pillars. Lateral chambers in vertical sec- 
tion rectangular, rather open, measuring 
40u X90u, arranged in vertical rows. 
There are about 13 layers. Equatorial 
chambers hexagonal and spatulate, ar- 
ranged on concentric circles, measuring 
60u to 110 (radial) x110u (tangential). 
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In vertical section the height of the equa- 
torial layer increases from 60u to 110y. 
Embryonal apparatus is typical for the 
genus, containing a smaller subspherical 
primary chamber (140y to 230u) and the 
larger reniform second one (210y to 300) 
The initial chambers are followed by 
several chambers of diminishing diameter 
arranged in a spiral. All of these are 
larger than the other equatorial cham- 
bers. Measurements of the test, diameter 
3 mm. to 5 mm., thickness, 1 mm. to 2 
mm. Embryon, 220u xX 300u to 340y 
<370u (see also text-fig. 2A, B). 

Remarks.—This form differs from L. 
minor in the absence of large regularly 
distributed pillars, and the form of its 
equatorial chambers; from L. socialis in 
its smaller size and its thickness; from 
L. rutteni and its variety armata in its 
thickness and its larger embryon, and 
from L. minima and L. nortoni in the 
form of the equatorial chambers. This 
species is named in honor of Mrs. Doro- 
thy K. Palmer. 

Occurrence.—Upper Cretaceous, Loc. 
L 128 (map A), type locality near Abra 
de Castellon, 13 km. east-southeast of 
San Fernando, Santa Clara province, 
Cuba. Syntypes, Min.-Geol. Inst., Univ. 
Utrecht, D15867—D15883. 


LEPIDORBITOIDES (LEPiDORBITOIDES) 
MACGILLAVRYI Thiadens, n. sp. 
Plate 16, figure 9; Plate 17, figure 7; Plate 19, 
figure 4; Text-figures 2A, B; 3K 


Test small, thickest in the center and 
thinning quickly towards the periphery, 
flat conical, symmetrical with respect to 
the equatorial plane. Surface smooth, 
reticulate in the very center, in some 
cases bearing superficial papillae but 
showing no pillars. Lateral chambers 
open, thin-walled, rectangular, arranged 
in vertical rows; 15 lateral layers. Equa- 
torial chambers ogival to diamond- 


shaped, on intersecting curves, the di- 
agonal measuring about 74y near the 
periphery. The equatorial layer increases 
in height from 25u to 110u. Embryonic 
apparatus of the Lepidorbitoides-type. A 
small subspherical primary chamber and 
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a larger reniform, slightly embracing, 
second one. Embryonic apparatus small, 
measuring 150u X190u. The initial cham- 
bers are followed by about eight cham- 
bers, larger than the other equatorial 
chambers and arranged in a spiral. Meas- 
urements of the test, diameter, 2.4 mm. 
to 3.7 mm., thickness, 0.8 mm. to 1.1 mm. 

Remarks.—This form differs from the 
above described species and L. socialis in 
having diamond-shaped equatorial cham- 
bers. It differs from L. minor in the ab- 
sence of pillars and the smaller embryon; 
from L. nortont and L. minima in its 
greater thickness and the absence of 
small pillars. This species is named in 
honor of Mr. H. J. Mac Gillavry. 

Occurrence-—Upper Cretaceous, Loc. 
L 128 (map A), type locality near Abra 
de Castellon, 13 km. east-southeast of 
San Fernando, Santa Clara province, 
Cuba. Syntypes, Min.-Geol. Inst., Univ. 
Utrecht, D15853—D15866. 


Genus LEPIDOCYCLINA Giimbel, 1868 


This genus has been divided by van 
de Geyn and van der Vlerk (1935) into 
the two genera Lepidocyclina s.s. and 
Orbitoina. This division is founded on 
the number of stolons of the equatorial 
chambers, Orbitoina (the genotype of 
which they did not designate) having 
four stolons in arcuate, ogival and loz- 
enge-shaped equatorial chambers, and 
Lepidocyclina s.s. having six stolons in 
mostly hexagonal and spatulate equa- 


torial chambers. It is often difficult to 
find stolons, and probably because of 
this fact the authors have not looked 
over all species of Lepidocyclina s.l, in 
order to determine the number of stolons, 
Van de Geyn and van der Vlerk have 
not proved that the presence of arcuate, 
ogival and lozenge-shaped equatorial 
chambers always corresponds with the 
occurrence of four stolons, nor have they 
shown that hexagonalandspatulate equa- 
torial chambers occur only in forms with 
six stolons. Tan Sin Hok (1934) described 
L. papuliformis with arcuate equatorial 
chambers with four stolons in the center 
of the test and spatuliform equatorial 
chambers with six stolons toward the 
periphery. It is difficult to reconcile this 
with the new classification of van de 
Geyn and van der Vlerk. The form of the 
embryonic apparatus and the age of the 
species Cannot support the two proposed 
new genera, since there are isolepidine 
forms with arcuate and hexagonal cham- 
bers that occur in Eocene as well as Oligo- 
cene beds. Since these objections can be 
made for the present, it seems premature 
to accept this new classification. Also, 
van de Geyn and van der Vlerk (1934, 3d 
chap.) have combined several ‘‘species,” 
but ‘“‘they did not think it necessary to 
document (their) reasons for eliminating 
or combining species”’ (p. 228). In view 
of this fact I have discussed my specific 
determinations where it was needed. 








EXPLANATION OF PLATE 17 
(All specimens from Santa Clara province, Cuba) 


Fics. 1, 3—Lepidocyclina (Lepidocyclina) tschoppi Thiadens, n.sp. 1, Horizontal section, X21- 
3, Vertical section, X32. Transition beds, upper Eocene-Oligocene. (p. 103) 

2, 9, 10—Lepidorbitoides (Lepidorbitoides) palmeri Thiadens, n.sp. 2, Vertical section, 
X17.7 9, Horizontal section, X21. 10, External view, 11.6. Upper — 

p. 

4—Miogypsina hawkinsi Hodson. Horizontal section, X20. Oligocene-Miocene. (p. 107) 
5—Lepidorbitoides (Lepidorbitoides) rutteni Thiadens, n.sp. Vertical section, 20.7. 
Upper Cretaceous. (p. 100) 
6—Lepidocyclina (Neprolepidina) fragilis Cushman_var. cubensis Thiadens, n. var 


Vertical section, 18.7. Transition beds, upper Eocene-Oligocene. _ (p. 104) 
7—Lepidorbitoides (Lepidorbitoides) macgillavryi Thiadens, n. sp. External view, X11.7. 
Upper Cretaceous. (p. 101) 


8—Lepidocyclina (Eulepidina) undosa Cushman. External view, X15. Oligocene. (p. 106) 











_— Se =>) 


‘vr he 





JouRNAL OF PatEeonTo.ocy, VoL. 11 








PLaTE 17 




















Subgenus LEPIDOCYCLINA Giimbel, 1868 


LEPIDOCYCLINA (LEPIDOCYCLINA) 
MARACAIBENSIS Hodson 
Text-figures 2D; 3C 
Lepidocyclina maracaibensis Hopson, 1926, 

Bull. Am. Paleontology, vol. 12, no. 47, 

p. 24, pl. 6, figs. 2-4.—RUTTEN and VER- 

MUNT, 1932, K. Akad. Wetensch. Amster- 

dam, Proc., vol. 35, no. 2, p. 236, pl. 1, 

fig. 9; pl. 3, fig. 2. ; 

Test small, thick, umbonate, with a 
small margin; surface papillate to pustu- 
lose; pillars polygonal, measuring in 
diameter 120u to 200u, average 150y. 
The equatorial chambers are diamond- 
shaped or ogival and lie on intersecting 
curves, measuring 40u to 60y (radial) 
x 60u (tangential). Embryonic apparatus 
of the isolepidine type, two equal to sub- 
equal chambers (diameter, 0.18 mm. 
x0.27 mm. to 0.37 mm. X0.4 mm.), 
sometimes followed by two to ten cham- 
bers larger than the other equatorial 
chambers. Measurements of the test: 
diameter, 1.3 mm. to 1.6 mm. (average 
1.85 mm.), thickness, 0.5 mm. to 1.4 mm. 
(average 1.0 mm.). 

Remarks.—There are three specimens 
with very heavy pillars (diameter 450), 
which I identify as Lepidocyclina cf. 
maracaibensis, all the other character- 
istics being the same as the above men- 
tioned. 

Occurrence.—Transitional beds _ be- 
tween upper Eocene and Oligocene, 
Santa Clara province, Cuba. Hypotypes, 
Min.-Geol. Inst., Univ. Utrecht, D15528- 
D15541. 


LEPIDOCYCLINA (LEPIDOCYCLINA) 
MORTON! Cushman 


Lepidocyclina mortoni CUSHMAN, 1920, U. S. 
Geol. Survey, Prof. Paper 125-D, pp. 70, 
71, pl. 27, figs. 1-4; pl. 28, figs. 1, 2.— 
GRAVELL and Hanna, 1935, Jour. Paleon- 
tology, vol. 9, no. 4, pp. 337-339, pl. 31, figs. 
1-11; pl. 32, figs. 1-4. Not Lepidocyclina 
mortont M. RuTTEN, 1935, Jour. Paleon- 
tology, vol. 9, no. 6, pp. 538, 539. 
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The Cuban specimens agree well with 
the extensive description given by Gra- 
vell and Hanna. Selliform, with or with- 
out umbo. Measurments of the test: 
diameter up to 10 mm.; thickness up to 
2 mm., mostly about 1.2 mm. This form 
greatly resembles L. supera (Conrad, 
1865). M. Rutten (1936) found this 
species in upper Eocene beds. The two 
species are different in the form of the 
equatorial chambers, L. mortoni having 
ogival chambers arranged in intersecting 
curves and L. supera spatulate to short- 
hexagonal chambers arranged in concen- 
tric circles. Van de Geyn and van der 
Vlerk (1934) erroneously combined these 
two species. 

Occurrence-—Upper Eocene and the 
transitional beds between upper Eocene 
and Oligocene, Santa Clara province, 
Cuba. Hypotypes, Min.-Geol. Inst., 
Univ. Utrecht, D15551-D15569, D16095- 
D16098. 


LEPIDOCYCLINA (LEPIDOCYCLINA) 
TSCHOPPI Thiadens, n. sp. 
Plate 17, figures 1, 3; Plate 18, figure 6; Plate 
19, figure 1; Text-figure 3H 


Test small, very thick, lenticular and 
in some cases with an umbo and small 
margin. Surface papillate, pillars (70 in 
diameter) difficult to see. Lateral cham- 
bers irregular and thin-walled, on ver- 
tical section difficult to distinguish, as 
the thickness of the lateral layers on 
either side of the equatorial layer is only 
180u in the center and decreases toward 
the periphery. There are at least two lay- 
ers. The equatorial chambers are hexag- 
onal and spatulate [140 (radial) x110y 
(tangential), thickness of the wall 25]. 
Embryonic apparatus very large, of the 
lepidocycline s.s. type, two equal to sub- 
equal chambers with a 25y thick wall. 
The ratio of the volume of the very large 
embryon to the remainder of the test is 
typical for this species. 


Measurements of Lepidocyclina (Lepidocyclina) tschoppi Thiadens, n. sp. 


Diameter (mm.).... 1.7 1.85 2.0 see: ae 2.7 

Thickness (mm.)... 0.9 1.4 0.8 1.1 1.2 1.4 1.2 1.1 

Embryon (mm.).... 0.6 0.9 0.9 0.96 1.0 0.8 Le 0.7 
x0.7. X1.0 x0.95 x0.96 X1.1 x0.9 X1.2 X11 
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The embryon is followed by about four 
large, long, narrow chambers. 

Remarks.—This species is different 
from all known species of the genus, being 
characterized by its enormous embryon 
in proportion to the rest of the test. This 
species is named in honor of Dr. H. J. 
Tschopp. 

Occurrence.—Transitional beds __ be- 
tween upper Eocene and Oligocene. Type 
locality L 588 (map B), 2.5 km. north- 
east from Jatibonico, Santa Clara pro- 
vince, Cuba. Syntypes, Min.-Geol. Inst., 
Univ. Utrecht, D15583—D15590. 


LEPIDOCYCLINA (LEPIDOCYCLINA) 
WEEKSI Hodson 
Text-figure 2D 
Lepidocyclina weeksi Hopson, 1926, Bull.Am. 

Paleontology, vol. 12, no. 47, p. 23, pl. 6, 

figs. 6-8.—RUTTEN and VERMUNT, 1932, 

K. Akad. Wetensch Amsterdam, Proc., 

vol. 35, no. 2, p. 235, pl. 1, fig. 6. 

I have two specimens of this species. 
They have no umbo and are discoidal. 
Measurements: diameter, 2.0 mm. to 
2.1 mm.; thickness, 0.5 mm. to 0.8 mm.; 
embryon, 0.37 mm. to 0.33 mm. X0.4 to 
0.7 mm. 

Papillate, equatorial chambers ogival 
and diamond-shaped, arranged on inter- 
secting curves. 

Remarks.—Van de Geyn and van der 
Vlerk have combined under the name L. 
trinitatis H. Douvillé the following: L. 
trinitatis, L. hteronymi (Rutten and Ver- 
munt), L. schotborght (Rutten and Ver- 
munt), L. weeksi Hodson, and others. I 
have restudied the material of these four 
species available in Utrecht, and have 
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combined the results in a diagram, in 
which I also placed L. maracaibensis 
Hodson. 

My opinion is that as long as no one 
has been able to restudy large collections 
from different localities and work them 
out statistically, it is not permissible to 
combine the four above-mentioned spe- 
cies. Therefore, for the present I main- 
tain L. weekst. 

Occurrence.—Transitional beds be. 
tween upper Eocene and Oligocene, 
Santa Clara province, Cuba. Hypotypes, 
Min.-Geol. Inst., Univ. Utrecht, D15953- 
D15954. 


Subgenus NEPHROLEPIDINA H. Douvillé, 
1911 


LEPIDOCYCLINA (NEPHROLEPIDINA) 
FRAGILIS Cushman, var. CUBENSIS 
Thiadens, n. var. 


Plate 17, figure 6; Plate 18, figure 7 


The difference between the new variety 
and L. fragilis is to be found in the form 
of the equatorial chambers, L. fragilis 
having rather thick-walled isodiametrical 
to flat-hexagonal and ogival equatorial 
chambers, and the new variety having 
very constantly equatorial chambers of 
an elongated hexagonal form with a 
larger radial than tangential diameter, 
measuring 200u (radial) X148u (tan- 
gential) to 150u x120n. 

Occurrence.—Transitional beds _be- 
tween upper Eocene and Oligocene, 
Santa Clara province, Cuba. Syntypes, 
Min.-Geol. Inst., Univ. Utrecht, 
D15955-D15971. 





EXPLANATION OF PLATE 18 


(All specimens from Santa Clara province, Cuba.) 
Fics. 1, 5—Lepidocyclina (Eulepidina) petri Thiadens, n.sp. 1, Vertical section, K 23.7. 5, Ex- 


ternal view, X10. Oligocene. 


(p. 107) 


2, 4, 8—Lepidocyclina (Nephrolepidina) undosa Cushman. 2, Vertical section, X11. 4, 


External view, X6.3. 8, Horizontal section, X11. Oligocene. 
3— Miogypsina hawkinsi Hodson. Vertical section, X33. Oligocene-Miocene. 
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(p. 107) 


6—Lepidocyclina (Lepidocyclina) tschoppi Thiadens, n.sp. External view, X10. Transition 


beds, upper Eocene-Oligocene. 


(p. 103) 


7—Lepidocyclina (Neprolepidina) fragilis Cushman var. cubensis Thiadens, n. var. Hori- 


zontal section, X 13.8. Transition beds, upper Eocene-Oligocene. 


(p. 104) 
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Subgenus EULEPIDINA 


LEPIDOCYCLINA (EULEPIDINA) FORMOSA 
Schlumberger 

Lepidocyclina formosa SCHLUMBERGER, 1902, 
Geol. Reichs-Mus. Leiden Samml., ser. 1, 
Band 6, pp. 251, 252, pl. 7, figs. 1-3.— 
H. DovuvitLt, 1924, Soc. géol. France, 
Mém. 2 (n. sér.), p. 49, pl. 6, fig. 4, p. 79, 
text-figs. 69, 70 a, b and c. 

Lepidocyclina favosa CUSHMAN, 1919, Carne- 
gie Inst. Washington, Pub. 291, p. 66, pl. 
3, figs. 1b, 2; pl. 15, fig. 4.—VAUGHAN, 1933, 
Smithsonian Misc. Coll., vol. 89, no. 10, 
pp. 37-41, pl. 17, figs. 1-3; pl. 18, figs. 1-4; 
pl. 19, figs. 1-4; pl. 20, figs. 1-3; pl. 21, figs. 
1, 3; pl. 29, fig. 4.—van DE GEyYN and 
VAN DER VLERK, 1935, Leidsche Geol. Med., 
Deel 7, afl. 2, pp. 234, 235, 249. 

The material from Santa Clara prov- 
ince, Cuba, gives occasion for some 
remarks. The most striking feature is the 
coarse reticulate surface of the umbo. 
There are no pillars. The embryonal ap- 
paratus is mostly typical eulepidine; 
sometimes, however, tending to the neph- 
rolepidine type. 

Remarks.—In the original description 
Schlumberger sketches the test of Lepi- 
docyclina formosa as consisting in the 
middle of a thick cushion with four rays. 


On voit au centre une loge initiale sphérique 
de 0.6 mm. de diamétre complétement en- 
veloppée d’une seconde loge sphérique de 1 
mm. de diamétre. Les loges équatoriales qui 
les entourent ont un contour nettement de- 
micirculaire. . . . Les loges latérales audessus 
et audessous sont traversées par le trés nom- 
breux piliers massifs réciproquement réunis 
par des nombreuses anastomoses et réservant 
entre eux des plages occupées par des loges 
laterales superposées en ligne droite, trés 
surbaissées et séparées par de trés minces 
parois. Les piliers se prolongent jusqu’a la 
surface extérieure ou ils se terminent par des 
boutons saillants arrondis. . . . Dimensions. 
L’individu Fig. 2, a 18 mm. environ entre les 
extrémités des rayons, tandis que le corps 
central n’a que 6 mm. de cété et une épaisseur 
au milieu d’environ 2 mm. (Fig. 3). 


Douvillé (1905) proved that the test 
is not stellate but saddle-shaped. 

Douvillé (1912 and 1924), L. Rutten 
(1912 and 1914), and van der Vlerk 
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(1925) proved that the vertical walls of 
the lateral chambers are very thick and 
that there are no pillars. 

The original description of L. favosa 
Cushman follows: 


Test of medium size, compressed, strongly 
undulate or saddle-shaped, the central por- 
tion umbonate, much curved and thick; the 
remainder of the test thin and flange-like; 
central umbonate mass with an ornamenta- 
tion of polygonal areas formed by raised ribs; 
remainder of the test very smooth but irregu- 
larly eroded in most cases. Vertical section 
with numerous distinct pillars in the umbo- 
nate region, broad at the exterior and narrow- 
ing to a point near the equatorial chambers, 
flattened peripheral portion with few indis- 
tinct pillars. Diameter 15 to 18 mm. for typi- 
cal specimens. 


Vaughan (1924) says that L. favosa is 
of the eulepidine type, with short spatu- 
late to short hexagonal equatorial cham- 
bers, while L. formosa should have longer 
spatulate equatorial chambers. However, 
van der Vlerk (1925, figs. 27, 28) shows 
L. formosa with short hexagonal and 
short spatulate equatorial chambers, and 
in the Cuban specimens of “L. favosa’’ 
we have in some cases “‘long’’ hexagonal 
chambers. Vaughan (1926) mentions 
pillars for L. favosa. He separates the two 
species in three features, but these are 
not valid; for L. formosa is selliform and 
has a margin also (Vide Schlumberger, 
1902, figs. 2, 3); the size of L. favosa also 
may be very large and is variable. Vaug- 
han (1933) mentions pillars for L. favosa. 
M. G. Rutten (1935) thinks it probable 
that L. favosa has no pillars since he 
could find none in his material nor in the 
figures published by Vaughan. He thinks 
it probable that pillars are always absent 
in this species. The same conclusion can 
be made in connection with my mate- 
rial. The literature on the two discussed 
species and examples of L. formosa from 
Borneo and “L. favosa’’ from Cuba 


that are available in Utrecht show that 
there is not enough difference between 
the two species to warrant their separa- 
tion. 
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Nuttall (1926) says that the specific 
difference between L. formosa and L. 
ephippioides Jones and Chapman (1900) 
is based on the form of the embryonic 
apparatus. If it should appear, as Yabe 
believes (1929), that L. ephippioides is 
also of the eulepidine type, then there is 
no specific difference between the two 
last mentioned species and we should be 
obliged to combine the three species 
under the name L. ephippioides, this 
being the oldest. Van de Geyn and van 
der Vlerk (1935) have already combined 
L. favosa and L. formosa. 

In two places L. formosa is associated 
with Helicolepidina spiralis and L. mor- 
toni. So we have transitional beds be- 
tween upper Eocene and Oligocene. 

Occurrence.—Transitional beds _be- 
tween upper Eocene and Oligocene, 
Santa Clara province, Cuba. Hypotypes, 
Min.-Geol. Inst., Univ. Utrecht, D15606— 
D15669, D16102, D16103. 


LEPIDOCYCLINA (EULEPIDINA) UNDOSA 
Cushman 
Plate 17, figure 8; Plate 18, figures 2, 4, 8 
Lepidocyclina undosa CUSHMAN, 1919, Carne- 
gie Inst. Washington, Pub. 291, p. 65, pl. 

25, fig. 1a. 
Lepidocyclina (Nephrolepidina) undosa 

VAUGHAN, 1924, Geol. Soc. America, Bull., 

vol. 35, pp. 798, 820, pl. 34, figs. 5-7. 

Test of medium to large size, strongly 
selliform, not umbonate. The whole sur- 
face beautifully papillate. The papillae 
are the ends of pillars which have near 
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the surface a diameter of 90u at the 
periphery, and 180y in the center. Lat- 
eral chambers lenticular and rectangy- 
lar arranged on vertical rows measuring 
74u (vertical) X185u (horizontal). Pil. 
lars between these two rows. There are 
about 10 layers. Equatorial chambers 
are hexagonal and spatulate arranged on 
concentric circles. Equatorial chambers 
84u (radial) X110u (tangential), 150, 
150, 180u x 130u. Height 220u —290y, 
Embryonic apparatus is of the eulepidine 
type, large, thick-walled (thickness, 70y 
to 150u). Measurements: diameter 6 mm, 
to 10.5 mm., average 9 mm; thickness, 
1.48 mm. to 3.6 mm., average 2.2 mm.; 
embryon 0.92 mm. to 1.85 mm. 

Remarks.—We found only eulepidine 
forms. No trace of transition to the neph- 
rolepidine type has been found. However, 
as our material was compared with topo- 
types of the species sent to us by Dr. T, 
Wayland Vaughan, we are sure of our 
determination. This form, having pillars, 
being eulepidine and strongly saddle- 
shaped, is different from all known Eu- 
lepidinas. L. petri, n.sp., is not strongly 
saddle-shaped and does not have a typi- 
cal eulepidine, large, thick-walled em- 
bryon, and is smaller in size. 

Occurrence.—Oligocene. Type locality 
L 229 on the east bank of Ramirez River 
near its mouth (Cienfuegos Bay), Santa 
Clara province, Cuba. Syntypes, Min.- 
Geol. Inst., Univ. Utrecht, D15670- 
D15687. 





EXPLANATION OF PLATE 19 
(All specimens from Santa Clara province, Cuba, except fig. 9.) 
Fics. 1—Lepidocyclina (Lepidocyclina) tschoppi Thiadens, n.sp. Vertical section, X 22. Me 


tion beds, upper Eocene-Oligocene. 


(p. 103 


2, 3, 6, 7—Miogypsina hawkinsi Hodson. 2, External view, X20. 3, Vertical section, 
X33. 6, External view, X20. 7, Horizontal section, X 20. Oligocene- Miocene. (p. 107) 
4—Lepidorbitoides (Lepidorbitoides) macgillavryi Thiadens, n.sp. Vertical section, X 29.5. 


Upper Cretaceous. 


(p. 101) 


5—Lepidocyclina (Eulepidina) petri Thiadens, n.sp. Horizontal section, X12. Oligo 


(p. 


8—Lepidorbitoides (Lepidorbitoides) rutteni Thiadens, n.sp. Horizontal section, X32. 


Upper Cretaceous. 


(p. 100) 


9—Lepidorbitoides (Lepidorbitides) socialis (Leymerie). Horizontal section showing 
stolons, X110. Maastrichtian beds near Boussens, France. Photo by M. G. Rutten. 





(p. 100) 
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LEPIDOCYCLINA (EULEPIDINA) PETRI 
Thiadens, n. sp. 
Plate 18, figures 1, 5; Plate 19, figure 5 


Test of medium size, lenticular, in 
some cases slightly selliform. Surface 
finely papillate. On tangential section 
small pillars are visible (diameter 75x). 
Lateral chambers low, arranged on ver- 
tical rows. There are 10 to 17 layers. 
Pillars developed from the equatorial 
layer to the surface or only near the sur- 
face. Equatorial chambers hexagonal and 
spatulate arranged in concentric circles 
measuring 120u (radial) X110u (tangen- 
tial) to 1804 x150u. Equatorial layer 
slowly increases in height in the center 
90u to the periphery 220u. The em- 
bryonic apparatus consists of two cham- 
bers, the type being a transition from 
nephrolepidine to eulepidine, mostly 
nearest the eulepidine type. The em- 
bryon is large (diameter, 0.5 mm. x0.9 
mm. to 1.15 mm. X1.15 mm.), and has 
a common thick wall, (thickness, 25u to 
37u). Measurements of the test: diameter 
4.2 mm. to 7.5 mm.; thickness, 1 mm. to 
2.2 mm. 

Remarks.—This species is closely re- 
lated to L. (Eulepidina) formosa. The 
pillars, however, are an obviously differ- 
ent feature. For differences with L. 
(Eulepidina) undosa see the remarks 
under that species. 

Occurrence.—Oligocene, type locality 
Loc. M 587 (map B), 5.5 km. east of 
Sancti Spiritus, Santa Clara province, 
Cuba. Syntypes, Min.-Geol. Inst., Univ. 
Utrecht, D15688—-D15710. 


Genus MIoGyYPsINA Sacco, 1893 


MIOGYPSINA HAWKINSI Hodson 
Plate 17, figure 4; Plate 18, figure 3; 
Plate 19, figures 2, 3, 6, 7 
Miogypsina hawkinsi Hopson, 1926, Bull. 

Am. Paleontology, vol. 12, no. 47, pp. 28, 

29, pl. 7, fig. 9; pl. 8, figs. 1, 2. 

Test is rather variable in form, small, 
flat discoid, lenticular, symmetrical and 
asymmetrical with regard to the equa- 
torial plane, in some cases saucer-shaped, 
triangle to fan-shaped. Sometimes there 
is a curve in the margin opposite the 
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apical side. Surface papillate to coarse 
papillate, the papillae being the ends of 
pillars (diameter of the pillar 50u (on 
periphery) to 150 (in center)). The pil- 
lars are as far apart from each other as 
their diameter. Both microspheric and 
macrospheric specimens are found, the 
former being larger and flatter. On verti- 
cal section the pillars appear to be coni- 
cal. Lateral chambers are lenticular to 
rectangular, arranged in vertical rows, 
alternating with the chambers of the 
adjacent rows, thick-walled, roofs and 
floors cribriform. Equatorial chambers 
diamond-shaped, arranged on intersect- 
ing curves, isodiametrical (diameter 
125). Vertical section shows in the equa- 
torial layer slightly curved horizontal 
walls (thickness 254), and vertical walls 
convex in the direction opposite to the 
initial chambers. The equatorial cham- 
bers alternate with adjacent lateral 
chambers. The macrospheric forms have 
an embryon apparatus consisting of two 
chambers subequal, apically situated on 
the periphery. The larger one on the 
margin of the equatorial layer measures 
0.2 mm. X0.27 mm. to 0.18 mm. x0.12 
mm. in diameter; the smaller first initial 
chamber, lying inside the larger second 
one, measures 0.18 mm. X1.23 mm. to 
0.12 mm. X0.12 mm. The initial cham- 
bers are followed by four to six chambers 
cyclically arranged around the inner side 
of the embryon. Measurements of the 
test: diameter, 2.25 mm. X2.55 mm; 
thickness, 0.76 mm. 

Remarks.—This species is character- 
ized by its dimensions, apically situated 
embryon with four to six accessory cham- 
bers, and rather coarse papillate surface. 
It closely resembles M. bracuensis 
Vaughan. In looking over the descrip- 
tions of M. bracuensis and M. hawkinsi 
the only differing feature I could find is 
the coarseness of the papillae and pillars, 
the former having minute papillae and 
the latter having coarse ones. 

Occurrence.—Oligocene-Miocene, San- 
ta Clara province, Cuba. Hypotypes, 
Min.-Geol. Inst., Univ. Utrecht,D15711- 
D15731, D16104—-D16107. 
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Genus DiscocycLina Giimbel, 1868 
Subgenus DiscocycLina Giimbel, 1868 


DiscocycLina (DIscocycLINA) BLUMENTHALI 
Gorter and van der Vlerk 
Discocyclina blumenthali GORTER and VAN DER 

VLERK, 1932, Leidsche Geol. Med., Deel 4, 

afl. 2, p. 111, pl. 16, figs. 2-4. 

Test lenticular; surface papillate, the 
papillae measuring 60u to 100, the dis- 
tance between the pillars two to three 
times their diameter, very regularly 
spread over the whole surface. Em- 
bryonal apparatus with diameter 325yu 
to 500u. 

Occurrence—Upper Eocene, Santa 
Clara province, Cuba. Hypotypes, Min.- 
Geol. Inst., Univ. Utrecht, D15747- 
D15762. 


Subgenus ASTEROCYCLINA Giimbel, 1868 


DIscocycLInA (ASTEROCYCLINA) 
VERMUNTI M. Rutten 
Discocyclina (Asterocyclina) vermunti M. 

RUTTEN, 1935, Jour. Paleontology, vol. 9, 

no. 6, p. 542, pl. 61, figs. 4, 5; pl. 62, fig. 7. 

My material agrees with the descrip- 
tion given by M. Rutten. There are two 
to six heavy pillars in the center and 
smaller ones on the periphery (measuring 
respectively 260u and 80u). Embryonal 
apparatus consists of two subequal cham- 
bers, the larger one almost embracing the 
smaller one. Embryon measures 210yu 
X 230u, is surrounded by a ring of square 
thick-walled chambers (wall 54u thick) 
larger than the adjacent equatorial 
chambers. Measurements of the test: 
diameter, 2 mm. to 4.5 mm., thickness, 
1.2 mm. to 2.0 mm. 

Occurrence.—Upper Eocene, Santa 
Clara province, Cuba. Hypotypes, Min.- 


Geol. Inst., Univ. Utrecht, D15763,” 
D16108-D16110. 
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NOTES ON SOME INTERESTING CRETACEOUS AND TERTIARY 
FORAMINIFERA FROM THE WEST INDIES 





SHOSHIRO HANZAWA 





ABSTRACT 


This paper describes structural features, studied in thin section, of some fossil Foraminifera 
from Jamaica, Haiti, and Cuba. Two new genera, Pellatispirella and Paraspiroclypeus, are de- 
scribed, and the new family, Pellatispiridae, is proposed. A new species is Pellatispirella aniillea, 





During a stay from May 10 to 
August 20, 1936, at the Scripps In- 
stitution of Oceanography, La Jolla, 
Cal., I had, through the kindness of 
Dr. T. W. Vaughan, the Director of 
the Institution, an opportunity to 
study type specimens of most of the 
species of orbitoids and other larger 
Foraminifera described from the Cre- 
taceous and Tertiary formations of 
America, besides specimens repre- 
senting many species from Pacific 
Islands, including undescribed ma- 
terial from these regions. A large part 
of the collections belongs to the 
U. S. National Museum in Wash- 
ington, D. C.; another part is be- 
ing transferred to the Museum of 
Paleontology of the University of 
California in Berkeley. Dr. Vaughan 
also kindly showed me his collection 
of topotypes of orbitoids and other 
higher Foraminifera from Europe, 
India, and the East Indies, and 


manuscripts of his works on Ameri- 
can Tertiary 


larger Foraminifera 


which have not yet been published. 
The purpose of the present notes 
is to describe new forms of Foraminif- 
era and to present interpretations 
of previously described forms as a 
result of the study of the above- 
mentioned material. In the prepara- 
tion of the present paper, I am much 
obliged to Doctor Vaughan for his 
continued encouragement, sugges- 
tions, criticism, and the free use of 
his library. Besides, he kindly sup- 
plied geological information on the 
Foraminifera described below, and 
finally read my manuscript. I ex- 
press my hearty thanks to him. It is 
also a pleasure to express my appre- 
ciation to Mr. U. S. Armstrong at 
the Scripps Institution for making 
some thin sections of Pellatispirella 
matleyt (Vaughan) and to Dr. E. 
M. Thorp of Baylor University, 
Waco, Texas, who took time during 
his stay at the Institution to make 
most of the photomicrographs for the 
accompanying plates. 
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SYSTEMATIC DESCRIPTIONS 


Family MILIOLIDAE 
d’Orbigny, 1839 


Genus FABULARIA Defrance, 1820 


FABULARIA VAUGHANI Cole and Ponton 
Plate 20, figures 1-4 
Fabularia vaughani CoLe and Ponton, 1934, 

Am. Midland Naturalist, vol. 15, no. 2, 

pp. 138-141, pl. 1, figs. 1-9. 

In a single thin section of a limestone 
which was collected by Dr. C. A. Matley 
at a place, J 10 M, east of Stony Hill, 
St. Andrew, Jamaica, I have found two 
sets of foraminiferal sections, one of 
which is globular, and the other oval or 
thick fusiform, each displaying a bilocu- 
line plan of growth. The sections with 
globular outlines strongly resemble an 
axial section of Borelis. Since, however, 
we do not find sections corresponding to 
sagittal sections of Borelis, which has a 
coiled plan of growth, it is safe to con- 
sider the two sets of sections as transverse 
and longitudinal sections of one and the 
same species. Comparison of this species 
with previously described forms indi- 
cates that it is probably identifiable with 
Fabularia vaughani Cole and Ponton, 
from the Florida Eocene. 

The form from Jamaica, study of which 
was carried out only on microscopical 
sections, is oval or thick spindle-shaped 
in longitudinal section, and globular 
(somewhat compressed) in transverse 
section. It is 2.25 mm. long, 1.56 mm. 
high, and 1.14 mm. wide, and consists 
of eight to ten biloculine-disposed cham- 
bers, that is, all the chambers following 


the proloculum are arranged alternately 
on each side of a plane through the center 
of the test; the proloculum is spherical, 
170-190 in diameter; all the chambers 
of biloculine plan of growth, except the 
last-formed two or four, are divided into 
longitudinal channel-like chamberlets, 
which are round to subtriangular in 
cross-section and are formed by thin, 
compact septa running meridionally. 
The chamber walls are compact, thin, 
and have almost uniform thickness (15) 
in every chamber. They appear as yellow 
translucent layers in thin sections under 
the microscope. The chamber walls are 
coated with compact dark shell substance 
(secondary deposit) in variable thickness 
under the chamberlets. Although the sec- 
ondary deposits become so great as to fill 
up the entire open space of the last- 
formed two or four chambers, within 
the dark field of the secondary deposits 
under the microscope there can be seen 
here and there tiny white spots (15y in 
diameter) which are supposed to be ir- 
regularly scattered channelled canals; 
cribriform apertures, each of which has 
an inwardly directed tube-like lip, are 
found in an extremity of every chamber. 
They are seen on the right end of the 
fourth chamber on Plate 20, figure 4, and 
also on the right end of the fifth chambers 
counted from the last one. 

Round colorless spots appear in some 
of the uppermost points of the septa 
where these connect with the shell walls 
(pl. 20, figs. 2, 3), the same features be- 
ing discernible in Plate 1, figure 9, of Cole 


Measurements of Fabularia vaughani 


Height of chambers (from 


top of each chamber totop Length of chambers 


of succeeding chamber) 


ist chamber 67 475u- 470u 
2d 75 450u- 760u 
3d 75h 620u-1110u 
4th 75u 750u-1520u 
5th 112 900yu-2280u 
6th 1104 1120-2280. 
7th 180u 1200u 

8th 225hu 1350u 

9th 187% 
10th 150u 





Width of Number of Diameter of 
chambers chamberlets chamberlets 
300u 3? 
306u 6 38u 
371 8? 38u 
450u 10 
560u 10 
660.u 12 
750u 12 
9154 12-16 100u X90u 
1200u 
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and Ponton’s paper (1934). Although 
these spots strongly suggest ‘‘pores inter- 
calaires’’ in -rasciolites, detected by 
Reichel (1931, p. 293, fig. 1), they may 
be considered as representing a canal sys- 
tem running along the uppermost part of 
the septa. Measurements of the speci- 
mens are given on page 111. 

Remarks.—The present form is indis- 
tinguishable from Fabularia vaughani. 
Although the secondary deposit of shell 
substance may appear to be heavier in 
the Jamaica specimens than in F. 
vaughani from Florida, the amount of 
such a deposit is not supposed to be very 
important in taxonomy. 

As stated by Cole and Ponton, F. 
vaughanit stands close to F.  sitteri 
Schwager (1883, pl. 24, figs. c-e, h), 
but the latter has few chambers, is 
much more compressed, and its septa 
in some cases are bifurcated. Schwager’s 
specimens, obtained from the Lybian 
desert (1883), consisted of two different 
types, one of which, treated by him as a 
young form, showed a biloculine plan of 
growth, and the other, treated as an 
adult form, has a hauerine plan of growth. 
Schwager (1883, p. 90) states: 

. Ich fand z. B. im Kalke von Minieh, 
wo diese Art | Fabularia zitteri] gar nicht sel- 
ten, ja geradezu charakteristisch ist, nur 
Jugendzustinde. 

According to present knowledge, this 
opinion would not now be held, for the 
reproductive activities of a foraminifer 
(Dr. E. H. Myers, 1935, and oral infor- 
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mation to me) do not exceed a period of 
three days, though the life span of an 
individual varies from a few days in 
smaller species to perhaps many months 
in larger species. Therefore, in any geo- 
logical formation, it is improbable that a 
limestone is entirely composed of young 
individuals of Foraminifera, unless there 
has been most exceptional sorting action, 
Although Schwager did not give any indi- 
cation of the internal structure of his so- 
called adult specimens—and now we 
cannot know its young stage of growth— 
I am convinced that his Fabularia zitteri 
should be divided not only into two dif- 
ferent species, but into two different 
genera. Probably a new generic name 
should be proposed for his so-called adult 
form of F. zitteri, but I do not like to do 
this in the case of an inadequately de- 
scribed form without examination of 
the original specimens. I restrict the 
name F, zittert, however, to Schwager’s 
so-called young forms, shown in his fig- 
ures c, d, e, and h (1883). 

Fabularia howchinit Schlumberger (1891) 
described from the Victoria Miocene of 
Australia, also slightly resembles the 
present form. This species is known in its 
microspheric forms alone. Its length is 
2.7 mm., width, 2.8 mm., and thickness, 
1.2 mm. It is a depressed type. 

Occurrence.—J 10 M, 50 yds. east of 
Stony Hill, St. Andrew, Jamaica, C. A. 
Matley, collector. Eocene, ‘‘white lime- 
stone.’’ This species is associated with 
Orbitolites(?) sp. indet. The horizon is 





EXPLANATION OF PLATE 20 


Fics. 1—4—Fabularia vaughani Cole and Ponton, 28.2. Eocene white limestone, J. 10 M, 
50 yds. east of Stony Hill, St. Andrews, Jamaica. C. A. Matley, collector. /, Longi- 
tudinal section near the proloculum. 2, 3 Transverse sections through the pro- 


loculum. 4, Longitudinal section through the proloculum. 


(p. 111) 


5, 6—Fabularia(?) sp. A,X 28.2. Eocene, J 260 b M, Bog Walk Canyon, Jamaica. C. A. 
Matley, collector. 5, Transverse section through the proloculum. 6, Excentric 


transverse section. 


(p. 113) 


7—Fabularia(?) sp. B, X28.2. Eocene J 64 M, Duan Vale borehole (first borehole, 


abandoned). C. A. Matley, collector. Moneague. 


(p. 113) 


8-10—Pellatispirella antillea Hanzawa, n. gen., n.sp., 28.2. Eocene, H 2 V, Cap 
Haitien, Haiti. T. W. Vaughan, collector. 8, Transverse section through the pro- 
loculum. 9, Section slightly oblique to the sagittal plane passing through the 
proloculum. /0, Oblique section tangential to the marginal cord of the penultimate 


whorl. 


(p. 116) 
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thought to be about the same as that of 
the Florida Eocene from which Cole and 
Ponton described Fabularia vaughani. 

The specimens above described are in 
the paleontological collections of the 
University of California at Berkeley; 
other specimens are in the U. S. Nat. 
Mus., Washington, D. C. 


FABULARIA(?) sp. A 
Plate 20, figures 5, 6 


Another species of Fabularia-like For- 
aminifera appears in the Jamaica ma- 
terial. It suggests a form illustrated by 
Carpenter (1862, pl. 6, fig. 38) in which 
the test appears so much compressed as 
to be subcylindrical or fusiform in trans- 
verse section. The form from Jamaica is 
3 mm. in height, 1 mm. in width, and is 
composed of a spherical proloculum 17 to 
22u wide followed by ten alternately dis- 
posed chambers on each side of a plane 
passing through the center of the test. 
Regularly disposed chamberlets are seen 
along the marginal part of the chambers 
as in Fabularia vaughani Cole and Pon- 
ton, but their diameters are rather 
smaller than those of F. vaughani, be- 
ing 15 to 234 wide; the secondary de- 
posits, lying underneath the marginal 
chamberlets, are also penetrated by nu- 
merous longitudinal canals with about 
the same diameter as that of the marginal 
chamberlets. 

The Fabularia described by W. B. 
Carpenter (1862) resembles slightly the 
present form in configuration, but differs 
in its enormous size (6.25 mm. in length 
and 4.6 mm. in width). 

The present specimens are represented 
by transverse sections alone, and I can- 
not be sure, therefore, whether it shows 
the biloculine or hauerine plan of growth. 
Moreover, the disposition of canals in the 
secondary deposit in the last-formed 
chamber (pl. 20, fig. 5) differs from that 
of the other chambers. This fact leads us 
to doubt whether it belongs to the same 
genus as the so-called adult form of F. 
zitterti Schwager. 

A foraminiferal section (pl. 21, fig. 3) 
which is found in the same section as the 
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above-mentioned form, may be regarded 
as an oblique section of Fabularia, be- 
cause it has marginal chamberlets and 
inosculating channelled canals in com- 
pact shell substance inside them. It is 
larger than the Fabularia(?) sp. A., how- 
ever, and it is coarser in structure. It is 
supposed tobe a microspheric specimen of 
Fabularia(?) sp. A. or a different species. 

Occurrence.—Eocene, J 260 b M, Bog 
Walk Canyon, Jamaica. C. A. Matley, 
collector. This form is accompanied by 
Orbitolites(?) sp., Coskinolina sp., Lituo- 
nella sp., Peneroplis(?) sp., and Milioli- 
dae which probably belong to new genera 
with Trillina-like shell walls. The de- 
scribed specimens are in the U. S. Nat. 
Mus., Washington D. C., and other 
specimens are in the paleontological col- 
lections of the University of California 
at Berkeley. 


FABULARIA(?) sp. B 
Plate 20, figure 7 


Another Fabularia-like species is repre- 
sented by only one transverse section. It 
can be recognized in the illustration that 
its secondary deposit is penetrated by 
labyrinthine cavities which in some 
places have a criss-cross arrangement, as 
is seen in Yaberinella (see Vaughan, 1928, 
p. 9), and these cavities communicate 
with marginal chamberlets. Although 
this form is not identifiable with any 
previously recorded Fabularia, the avail- 
able material is inadequate to establish 
a new species. 

Occurrence.—Eocene, J 64 M, Duan 
Vale borehole (first borehole, abandoned), 
Jamaica. Specimen in the U. S. Nat. 
Mus., Washington, D. C. 


Family PELLATISPIRIDAE 
Hanzawa, n. fam. 


Genus PELLATISPIRA Boussac, 1903 


The systematic position of Pellatispira 
Boussac has been a subject of contro- 
versy for a long time. Since a history of 
the study of this genus has been given by 
Yabe (1921) and Umbgrove (1928), dis- 
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cussion given by these authors need not 
be repeated here. Yabe thought that 
Pellatispira, because of its characteristic 
shell walls, must belong to the Rotaliidae 
and stand closer to Calcarina than to As- 
stlina. Umbgrove, on the contrary, as- 
signed it again to the Camerinidae after 
he detected by Canada-balsam prepara- 
tions the presence of a marginal plexus 
in the genus. Galloway (1933, p. 417) 
followed Umbgrove’s opinion, while 
Cushman (1933, p. 248) placed it in the 
Calcarinidae. 

Although Boussac (1903, p. 91) did not 
mention the marginal plexus (‘‘le canal 
spiral,’’ chamber-cavity), a rather thick 
dark line in the chamber walls that is 
discernible to the left-hand side of his 
illustration (fig. 11) seems as if it may be 
a marginal canal. I am not quite sure on 
this matter because it is dangerous to 
judge such delicate microscopical struc- 
ture by photomicrographs alone. Any- 
way, the presence of a marginal plexus in 
Pellatispira is indisputable, as shown by 
Umbgrove’s study. If Pellatispira has a 
marginal plexus, it must not be placed in 
the Calcarinidae. Furthermore, it has not 
only a double-layered marginal cord, as 
mentioned below, but also thick straight 
vertical canals in the shell walls and in the 
umbonal regions. Vertical canals are al- 
ways found in the genera Calcarina, 
Rotalia, and Elphidium, especially in 
their umbonal regions, but never in 
Camerina, Assilina, Operculina, Hetero- 
stegina, and Spiroclypeus. 

While the marginal cord in Operculina 
and Camerina is made up of a single layer 
traversed by regularly or irregularly 
ramifying canals (Carpenter, 1862, pl. 18, 
figs. 3, 6, 9; Hofker, 1927, pl. 33, fig. 1) 
that of Pellatispira consists of double 
layers—a thin, inner, finely perforated 
layer, and a thick, outer, coarsely per- 
forated layer. The outer layer differs 
from the marginal cord of Operculina and 
Camerina in that it is pierced by numer- 
ous thick vertical canals. Tangential 
canals, such as are seen in the marginal 
cord of Operculina and Camerina, are not 
found in it except that some branches of 


canals from the main canals lie between 
the inner and outer layers (Umbgrove, 
1928, figs. 11-15, 20—23, etc.). 

We must separate Pellatispira from 
the Camerinidae because of its charac- 
teristic marginal cord and its vertical 
canal system, and it must be discrimj- 
nated from the Calcarinidae, Rotaliidae, 
and Nonionidae because it has a margi- 
nal cord and has no spiral canal system 
such as is characteristic of the latter. 
Pellatispira should be considered as oc- 
cupying an intermediate position be- 
tween the Camerinidae and Calcarinidae, 
For genera that occupy this intermediate 
position, I propose the new family name, 
Pellatispiridae. 


Genus PELLATISPIRELLA Hanzawa, 
n. gen. 


Genotype Camerina matleyi VAUGHAN, 1929, 
Jour. Paleontology, vol. 3, no. 4, pp. 376, 
377, pl. 39, figs. 2-7. 


Pellatispirella, here proposed as a new 
genus, belongs in the Pellatispiridae. It 
is distinguished from Pellatispira in being 
involute through life. The alar prolonga- 
tion of chambers in Pellatispirella over- 
laps toward the center of the test, 
whereas the chamber in Pellatispira 
are restricted to the equatorial part of 
the test. The apertural features of Pel- 
latispirella, as mentioned below, are pe- 
culiar. 

In Pellatispirella matleyi (Vaughan), 
the shell walls are as distinctly differ- 
entiated into double layers as in Cal- 
carina, and they obscure the boundary 
between the shell walls (spiral laminae) 
and the marginal cord. In Pellatispirella 
antillea, n. sp., such a differentiation of 
shell walls into double layers, as stated 
below, is almost confined to its marginal 
cord, but the vertical canal system is well 
developed in the spiral laminae, umbonal 
region, and in the marginal cord. 

The other characteristics of Pellati- 
spirella are its apertural features. While 
Camerina and Operculina usually have a 
single slit-like aperture at the median 
part of the base of the septa, Pellat- 














spirella has small multiple apertures 
along the base of the septa. 

From an examination of the original 
material of Operculina bermudezi Palmer 
(1934, pp. 238-240, pl. 12, figs. 3, 6-9, 
text-fig. 1) from the Upper Cretaceous of 
Cuba, it is obvious that this form belongs 
to Pellatispirella. Its chambers are equi- 
tant, its spiral laminae are in places 
coarsely perforated by vertical canals, 
and its marginal cord has the character- 
istic structure of the Pellatispiridae. 

As to Camerina dickersent Palmer and 
(?)Camerina cubensis Palmer (1934, pp. 
243-246), available material is inade- 
quate to scrutinize the internal structure 
of the species, but the delicate pectina- 
tion perceptible along the margin of the 
test leads us to wonder if they may not 
be small species of Pellatispirella. 

Geological age-—Upper Cretaceous to 
Eocene. 


PELLATISPIRELLA MATLEYI (Vaughan) 
Plate 21, figures 4-7 


Camerina matleyi VAUGHAN, 1929, Jour. 
Paleontology, vol. 3, no. 4, pp. 376, 377, 
pl. 39, figs, 2-7. 

T. W. Vaughan’s description of this 
species is as follows: 


Test small, lenticular, outer surface with- 
out ornamentation except the trace of flexuous 
septal markings. Diameter from 1.6 to 2.4 
mm., thickness from about 0.75 to 1.25 mm. 
Although the thickness varies, it is approxi- 
mately one-half of the diameter. 

The number of coils in a specimen 1.75 mm. 
in diameter is about four and the number of 
chambers in the last coil is about 33. The 
chamber wall gently curved. 
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The specimens examined are all megalo- 
spheric. 

Geological horizon and locality—Middle 
Eocene, “Yellow limestone,” at J 505 M, 
Phantilland parochial road 1.8 miles from the 
main road, on the boundary of St. Elizabeth 
and Manchester Parishes; J 605 M, Davyton 
road at 43 miles Peace River District, Claren- 
don Parish. 

After I reexamined topotypes of this 
species, I noticed that it should be ge- 
nerically distinguished from Camerina, 
because its spiral laminae are composed 
of double layers, as seen in Calcarina, and 
it is provided with thick straight vertical 
canals in the umbonal regions (the coarse 
perforation of the spiral laminae should 
also be interpreted as a vertical canal 
system). Moreover, its multiple aper- 
tures, of which the median one is the 
largest (374 X18u in diameter), and the 
other, small (10u in diameter) ones, are 
disposed at the base of the septa and are 
separated from each other by intervals 
nearly equal to the diameter of each 
aperture. 

Occurrence.—Eocene. The specimens 
illustrated on plate 21, figures 5-7, were 
found in a limestone by C. A. Matley 
from locality J 506 M, east of George’s 
Valley, St. Elizabeth, middle slope, 
Jamaica. Although they cannot be freed 
from the matrix, their cavities and hol- 
lows are impregnated by iron oxide so 
that their delicate internal structure is 
clearly recognizable. They are safely 
identified with Pellatispirella matleyi 
(Vaughan). Other material (pl. 21, fig. 4) 
comes from a “yellow limestone marl” at 
J 605 M, on Davyton road. 


Dimensions of Pellatispirella matleyi (Vaughan) 


Diameter of test 
aad ce akndee wutnuan wen 
Diameter of proloculum 
Thickness of proloculum wall 
Thickness of septa in the last whorl 
Diameter of interseptal canals 
Thickness of spiral laminae (penultimate whorl) 
Thickness of the outer layer of spiral laminae 
Thickness of the inner layer of spiral laminae 


Diameter of pore-canals in the outer layer (pore-canals 


widen toward the bottom)................. 
Diameter of pore-canals in the inner layer 


J 605 M J 506 M 
etek dil 1.6 -2.4 mm. 1.7 mm. 
newiens 0.75-1.25 mm. 0.7 mm. 
tek ncletioss 1354 165-1874 
oeree 15u 15u 
Greer 22u 22u 
Pete Tu Tu 
eee i + 68u +60 
Seibe ieis +57 +43u 
Ses +11pz +17 
pee aiers 17-7 
ree Ou 
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PELLATISPIRELLA ANTILLEA Hanzawa, n. sp. 
Plate 20, figures 8-10; Plate 21, figure 1 
This new species is established from 

study of thin sections of a limestone col- 

lected by Doctor Vaughan from Cap 

Haitien, Haiti, H 2 V; no free specimens 

are at my disposal. 

Test thick, lenticular, attaining 2.5 
mm. in diameter and 1.2 mm. in thick- 
ness, but usually 2 mm. in diameter and 
1.2 mm. in thickness; involute, consists 
of two and a half or sometimes three 
whorls; several conical plugs developed 
on both sides of the umbilical regions; 
proloculum spherical or ellipsoidal, 230 
to 290u or 239 X320u in diameter, sur- 
rounded by a thick wall 15 to 30u thick; 
spiral laminae of the first and second 
whorls thick, attaining 228 in thickness, 
that of the last whorl thinner, 75x thick; 
whorls divided into chambers by radial, 
straight double septa; number of cham- 
bers 7 to 8 in the first whorl, 14 to 15 in 
the second whorl, and 7 to 20 in the last 
whorl; spiral laminae in general finely 
perforated, penetrated in places by thick 
vertical pores (74 in diameter), which 
usually open on both the upper and lower 
surface of the spiral laminae, but some- 
times closed near the bottom by the or- 
dinary finely perforated walls so as to 
make a double-layered lamina, as in P. 
matleyi (Vaughan); straight ‘vertical 
canals well developed in umbonal region 
around compact conical plugs; marginal 
cord showing characteristic features as 
already mentioned; apertures multiple 
along the base of the septa. 

The specimens examined are all meg- 
alospheric. 


Occurrence-—Eocene. H 2 V, Cap 
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Haitien, Haiti. T. W. Vaughan, collector, 
1919. This species is accompanied by a 
small species of Discocyclina. Syntypes, 
U. S. Nat. Mus., Washington, D. C. 


PELLATISPIRELLA sp. 
Plate 21, figure 2 


The form here illustrated may indis. 
putably be assigned to Pellatispirella, 
The figure shows a transverse section of 
the marginal part of a specimen. It is 
a large, flat, discoidal form with a con- 
spicuously developed marginal cord and 
spiral laminae which in places are differ- 
entiated into double layers by evenly 
distributed thick vertical canals. Al- 
though the figure suggests that it is an 
evolute type of growth, such as that of 
Pellatispira, it has been crushed in fossil- 
ization and does not show the original 
state of the specimen. We can see equi- 
tant chambers in the other part of the 
same specimen. 

Occurrence-—Eocene. H 2 V, Cap 
Haitien, Haiti. T. W. Vaughan, collector, 
1919. The specimen here described is in 
the U. S. Nat. Mus., Washington, D. C, 


Family CAMERINIDAE Meek 
and Hayden, 1865 


Genus PARASPIROCLYPEUS Hanzawa, 
n. gen. 

Genotype, Camerina chawneri PALMER, 1934, 
Soc. cubana hist. nat., Mem., vol. 8, pp. 
261, 262, pl. 16, figs. 3, 6, 7. Upper Oligo- 
cene, Cuba. 

The most characteristic features of 
Camerina chawneri Palmer are the spiral 
laminae which are subdivided into sev- 
eral layers so as to leave some empty 
spaces between them, the interspaces 





EXPLANATION OF PLATE 21 


Fics. 1—Pellatispirella antillea Hanzawa, n. gen., n. sp., X 28.2. Eocene, H 2 V, Cap Haitien, 
Haiti. T. W. Vaughan, collector. Oblique section near the center of the test. (p. 116) 
2—Pellatispirella sp., X 28.2. Eocene, H 2 V, Cap Haitien, Haiti. T. W. Vaughan, col- 


lector. Transverse section. 


(p. 116) 


3—Fabularia(?) sp., X28.2. Eocene, J 260 b M, Bog Walk Canyon, Jamaica. C. A. 


Matley, collector. Oblique section. 
4-7—Pellatispirella matleyi (Vaughan), 


(p. 113) 


52.5. 4, Eocene. ‘‘Yellow limestone,” 


J 605 M, Davyton Road at 4 7/8 miles, Jamaica; C. A. Matley, collector; trans- 
verse section cut through the proloculum and septa. 5-7, Eocene, J 506 M, east of 
George’s Valley, St. Elizabeth, Jamaica, middle slope; C. A. Matley, collector. 5, 
Transverse section through the proloculum. 6, Transverse section cut apart from 
the proloculum. 7, Section slightly oblique to the sagittal plane passing — i) 


proloculum. 


p. 11 
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being subdivided into chambers by anas- 
tomosing vertical partitions. The sub- 
division of the interspaces between layers 
of spiral laminae into chamberlets re- 
mind us of those of the genus Spiro- 
clypeus. The equatorial layer has the 
same features as in Operculina. This form 
of Foraminifera is interpreted as an 
advanced type of Operculinoides. For 
this I propose a new generic name, 
Paraspiroclypeus, with Paraspiroclypeus 
chawneri (Palmer) as genotype. 

The holotype and paratypes are in the 
U. S. Nat. Mus., Washington, D. C. 


ADDENDUM 


After the manuscript of this paper had 
been sent to press, through the courtesy 
of T. W. Vaughan and L. G. Henbest, 
| had the privilege in January, 1937, of 
examining thin sections in the U. S. 
National Museum, Washington, D. C., 
that contain the original specimens of 
Fabularia(?) sp. B, described above. In 
these sections, I found, besides the speci- 
men illustrated in the present note, 
several other specimens assignable to the 
same species. Although the available ma- 
terial is inadequate for a precise study of 
its structure, the species is more likely 
referable to the genus Yaberinella than to 
Fabularia; it shows the criss-cross laby- 
rinthic structure characteristic of Yaberi- 
nella in its horizontal as well as its verti- 
cal section. Since the present form 
slightly exceeds 4.4 mm. in diameter and 
1.5 mm. in thickness (a megalospheric 
specimen has a proloculum 200 in diam- 
eter), it is near Yaberinella trelawniensis 
Vaughan (1929) but appears to be some- 
what thicker. It is accompanied by other 
species of Foraminifera assignable to 
Lepidocyclina (Polylepidina) chiapasensis 
Vaughan (1924), Dictyoconus americanus 
(Cushman) (1919; Vaughan, 1932), and 
Amphistegina lopeztrigot Palmer (1934 
p. 255, pl. 15, figs. 6, 8; Barker and 
Grimsdale, 1936, p. 223, pl. 30, figs. 1, 2; 
pl. 32, figs. 1-3; pl. 34, figs. 1, 3.). 
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FUSULINIDS OF THE SUBFAMILY SCHUBERTELLINAE 





M. L. THOMPSON 





ABSTRACT 


A restudy of the genotype of Schubertella Staff and Wedekind and associated fusulinids 
indicates that this form is Permian in age, and that several of its internal structures were 
neither correctly described nor illustrated by Staff and Wedekind. In this paper Schubertellg 
is discussed at some length, topotypes of its genotype are described and illustrated, its distriby- 
tion is summarized, and its relationship to closely similar forms is discussed. The new subgenus 
Eoschubertella is established for Lower Pennsylvanian forms which are considered ancestral to 
Schubertella s.s., and the genus Depratella Ozawa is placed in synonymy with Schubertella. 





Staff and Wedekind (1910) estab- 
lished Schubertella with S. transitoria 
Staff and Wedekind as genotype. 
The syntypes of the genotype have 
apparently been lost and widely dif- 
fering opinions as to their true na- 
ture have been expressed. Schuber- 
tella has been placed in synonymy 
with several other genera, and its 
genotype has been considered Lower 
Pennsylvanian in age by some, and 
Permian in age by others. 

Dr. Hubert G. Schenck recently 
sent me several samples of fusulinid- 
bearing limestone from different 
parts of Spitzbergen that were given 
to him in Europe by Professor Erik 
Stensié, of the Riksmuseum in Stock- 
holm. These collections were ob- 
tained by A. G. Nathorst in 1882, and 
the localities from which they were 
made were described by him (1910) in 
his discussion of the geology of Spitz- 
bergen. One of these collections came 
from Tempel Bay and it contains 
numerous representatives of a very 
small fusulinid which, so far as can 
be determined from Staff and Wede- 
kind’s description and illustrations 
(drawings), are conspecific with at 


least part of the syntypes of Schuber- 
tella transitoria Staff and Wedekind. 
Also, conspecific specimens are pres- 
ent in a hand specimen of the col- 
lections I am studying labeled as 
coming from Isfjord. Staff and Wede- 
kind’s Spitzbergen collections con- 
sisted of individual hand specimens 
of limestone from Tempel Bay and 
Klas Billen Bay (Mimersbukt) and, 
although they did not state from 
which of these localities their syn- 
types of S. transitoria were obtained, 
it is probable that the specimens | 
am studying came from the same 
horizon and locality as at least part 
of the syntypes of that species. It 
is entirely possible that these syn- 
types came from both Tempel Bay 
and Klas Billen Bay, for the asso- 
ciated fusulinids show that their 
samples from the two localities are 
of essentially the same age. 

A detailed study of this well-pre- 
served material, which I am regard- 
ing as topotype material of S. transi- 
toria, shows that the species possesses 
a spirotheca composed of a tectum 
and a rather thick inner layer of 
light material. Its juvenarium has a 














large form ratio and its axis of coil- 
ing is at a large angle to the axis of 
coiling of the outer fusiform volu- 
tions. A study of the associated fusu- 
linids of this form indicates clearly 
that it is Permian in age. 

Determination of the true nature 
of the type of Schubertella necessi- 
tates a slight revision of the nomen- 
clature of the minute fusulinids of 
the Pennsylvanian and Permian. The 
subfamily Schubertellinae Skinner 
must be emended so as to include the 
minute fusulinids of the Permian of 
which Schubertella is a member. Also, 
the new subgenus Eoschubertella is es- 
tablished below for the minute prim- 
itive Lower Pennsylvanian fusulinids 
formerly referred to Fusulinella and 
Schubertella. 

Studies made since Staff and 
Wedekind’s report indicate that a 
very large and varied fauna of minute 
fusulinids occurs in the Permian of 
many regions. Deprat (1913) has 
described and illustrated a form from 
the Permian of French Indo-China as 
Neofusulinella lantenoisi. This spe- 
cies, which is the type of Neofusu- 
linella Deprat, is apparently closely 
related to the genotype of Schuber- 
tella. Later Deprat (1915) described 
three very minute fusulinids which 
represent Schubertella from the Per- 
mian of French Indo-China as Neo- 
fusulinella elongata, N. giraudi, and 
N. minima. Still later Ozawa (1928) 
made N. giraudi the type of Depra- 
tella Ozawa. Hence, Depratella must 
be regarded as a synonym of Schu- 
bertella, which has priority. 

Colani (1924) described and illus- 
trated a species of Schubertella from 
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the Uralian (?) of China as Neofusu- 
linella praecursor var. pusilla, and 
another species as N. phairayensis 
from the Permian of French Indo- 
China, which may be referable to the 
same genus. Lange (1925) described 
and illustrated two forms from the 
Middle Permian of western Sumatra 
and correctly referred them to Schu- 
bertella as S. simplex and S. plana. 
Ozawa (1925, pl. 9, fig. 9b) illustrated 
a representative of Schubertella from 
the Permian of Nagato as Neofusu- 
linella sp., and later (1927) described 
and illustrated from the Permian at 
Akasaka two representatives of Schu- 
bertella as Neofusulinella giraudi De- 
prat and N. simplex (Lange), and 
another possibly congeneric form 
from the same region as N. phairay- 
ensis Colani. Ozawa and _ Tobler 
(1929) described and illustrated a 
representative of Schubertella from 
the Middle Permian of Greece as 
Depratella sp. In 1934 Doutkevitch 
(Geol. Pamir Acad, Sci. USSR, vol. 
8, pp. 62, 63, 65-71, pl. 1, figs. 1-5 
[Russian]) described and illustrated 
four representatives of Schubertella 
from the Permian of Pamir. 

Lee (1927) described and _illus- 
trated two minute forms from the 
Taiyuan series (Permian) of northern 
China as Boultonia willst and Neo- 
fusulinella (?Schubertella) chaot. The 
first of these forms, B. willst, is the 
type of the genus Boultonia Lee and 
this genus apparently is very similar 
and presumably very closely related 
to Schubertella. The wall structure 
and development of the juvenarium 
of this form seem to be identical with 
those of the type of Schubertella, but 
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Lee has pointed out that the septal 
fluting in B. willst extends completely 
across the shell in the outer volutions 
of mature forms. The second of these 
species, N. chaoi, is represented in 
Lee’s collection by only one speci- 
men, but this form does not seem to 
be referable to Schubertella. 

Chen (1934) described and illus- 
trated a form from the Swine lime- 
stone (Permian) of southern China as 
Schubertella pseudoobscura which ap- 
parently is referable to Schubertella. 
However, Chen described the spiro- 
theca of this form as being composed 
of only a tectum. At the same time 
Chen described another minute form 
as S. regularis from the Swine lime- 
stone which apparently is referable 
to an unnamed genus. Gubler (1935) 
described and illustrated two repre- 
sentatives of Schubertella from the 
Permian of French Indo-China as 
Schubertella sp. and Fusulinella sp. 

In addition to the eight representa- 
tives of Schubertella mentioned above 
from the Permian of Spitzbergen and 


SYSTEMATIC 


Family FUSULINIDAE Moller 
Subfamily SCHUBERTELLINAE 
Skinner 


Genus SCHUBERTELLA Staff 
and Wedekind 
Subgenus SCHUBERTELLA §.s. 


Diagnosis.—Shell minute, fusiform to 
subcylindrical. Mature forms consist of 
four to six volutions, 0.5 to 1.5 mm. in 
length and 0.3 to 0.9 mm. in width. The 
form ratio typically is 1:1.5 to 1:2.5. 
The juvenarium is composed of one to 
two volutions, its form ratio is very 
small, and its axis of coiling is typically 
at a large angle to the axis of the outer 
fusiform volutions. Poles sharply 
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Asia which have been described as 
distinct species or varieties and the 
several unidentified forms of the 
Permian of Asia and Europe, at 
least six minute forms have been de- 
scribed from the Lower Pennsylva- 
nian of Europe, Asia, and North 
America and referred to the genus 
Schubertella. However, the internal 
structures of these Lower Pennsyl- 
vanian forms are not closely similar 
to the type of that genus and I am 
referring them below to the new sub- 
genus Eoschubertella. So far as known 
the typical subgenus of Schubertella 
is restricted to the Permian, but 
its representatives occur throughout 
that system. 


I take this opportunity to express my 
sincere thanks to Dr. Hubert G. Schenck 
for the opportunity to study this valu- 
able material and for his permission to 
use it in this publication. Most of the 
specimens illustrated in this report are 
in the Stanford University Paleontologi- 
cal Type Collection, and duplicates are 
kept with my private collection. 


DESCRIPTIONS 


pointed. Lateral slopes convex. Spiro- 
theca composed of a tectum and a lighter 
inner layer which does not show alveoli. 
Septa very numerous and essentially un- 
fluted throughout the length of the shell. 
In some forms slight fluting is observed 
in the extreme polar regions of the outer 
volutions. The tunnel is low, rather 
broad, and is bordered by low asym- 
metrical chomata. 

Representatives of Schubertella s.s. 
may be distinguished from those of the 
Lower Pennsylvanian genus Fusiella Lee 
and Chen and the new subgenus Eoschu- 
bertella mainly by the difference in their 
spirothecal structures. In Schubertella the 
spirotheca is composed of a tectum and a 
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“diaphanotheca,” whereas in Fusiella 
the spirotheca is composed of one pri- 
mary layer covered on its upper and 
lower surfaces with tectoria. Also, the 
type of Fusiella has a very small form 
ratio. Schubertella differs from Fusulinella 
Moller in the development of its juve- 
narium, its spirothecal structure, and its 
very poorly developed chomata. The 
only differences which can be pointed out 
at the present time between representa- 
tives of Schubertella and those of Boul- 
tonia Lee are that in Boultonia the septa 
are fluted completely across the shell in 
the outer volutions of mature forms and 
the shell of Boultonia typically has a 
much smaller form ratio. 

Schubertella is very closely similar and 
undoubtedly very closely related to 


Yangchienia Lee. However, representa- 
tives of Yangchtenia can be distinguished 
from those of Schubertella by their un- 
usually well-developed chomata. Repre- 
sentatives of Schubertella and Yang- 
chienia are found associated in the same 
limestone in several regions, but Yang- 


chienia apparently is a descendant of 
Schubertella. 

Neofusulinella lantenoisi Deprat, the 
genotype of Neofusulinella Deprat, and 
N. phairayensis Colani did not enter into 
the above diagnosis of Schubertella s.s. 
These two forms may possibly be con- 
generic but at least N. lentenoisi is not 
congeneric with S. transitoria. The large 
size, thick spirotheca with ‘réseau al- 
véolaire,”” and the different structure of 
the juvenarium and development of the 
volutions of N. lantenoisi serve to dis- 
tinguish representatives of Neofusulinella 
from those of Schubertella. 

Skinner (1931) has suggested the sub- 
family name Schubertellinae for the 
primitive Lower Pennsylvanian forms 
which I am referring to the new sub- 
genus Eoschubertella and for representa- 
tives of Fusiella. Since we now know 
that the subgenus Schubertella s.s. is 
quite different from these Lower Penn- 
sylvanian forms, the subfamily Schu- 
bertellinae should be emended to include 
the group of Permian fusulinids Schu- 
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bertella, Neofusulinella, Boultonia, and 
Yangchienia, and the Upper Carbonifer- 
ous forms of Fusiella and the subgenus 
Eoschubertella. 


SCHUBERTELLA (SCHUBERTELLA) 
TRANSITORIA Staff and 
Wedekind 
Plate 22, figures 1, 3-6 


Schubertella transitoria STAFF and WEDEKIND, 
1910, Upsala Univ., Geol. Inst., Bull., 
vol. 10, p. 121, pl. 4, fig. 8, [not? fig. 7]. 

Schubertella cf. transitoria HOLTEDAHL, 1913, 
Vidensk. selsk. I Kristiania 1912, I. Math.- 
naturh. K1., no. 23, pp. 5, 9. 


Shell minute, fusiform. Poles very 
sharply pointed. Lateral slopes steep and 
uniform. The central portion of the shell 
is somewhat inflated. Mature forms con- 
sist of five volutions, about 0.85 mm. in 
length and 0.42 mm. in width. The form 
ratio is about 1:2 for mature individuals 
of five volutions, but it is about 1:1.7 for 
the fourth volution and 1:1.3 for the 
third volution. 

The spirotheca is composed of a tec- 
tum and a lighter rather thick inner layer 
which does not show any trace of alveoli. 
The spirotheca increases in thickness 
from an extremely thin layer in the first 
volution to about 5y in the third volu- 
tion, 94 in the fourth volution, and 14u 
in the fifth volution. 

The septa are numerous and the septal 
count gives 8 to 11 for the first volution, 
10 to 12 for the second volution, 14 to 15 
for the third volution, and 15 for the 
fourth volution. The septa are thin and 
they are composed of the downward de- 
flection of the tectum and a lighter layer 
on their posterior side which appears to 
be the downward extension of a part of 
the diaphanotheca. Also, the diaphano- 
theca extends a short distance down the 
anterior side of the septa. The septa are 
apparently unfluted throughout the 
length of the shell, but in the extreme 
polar regions of the outer volutions of 
some specimens the septa appear to be 
broadly fluted. 

The proloculum is essentially spherical 
and its inside diameter measures 20 to 
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35u. The innermost volution of this form 
has a form ratio of about 1.7:1 and its 
axis of coiling is almost normal to the 
axis of the outer fusiform volutions. The 
rate of increase of the height of the volu- 
tions is essentially uniform, and the 
heights of the first five volutions measure 
about 17, 26, 32, 49, and 67u. 

The tunnel is low and narrow. The 
tunnel angle measures about 17 degrees 
in the fifth volution. The line of inter- 
section of the tunnel with axial sections 
is slightly irregular. The chomata are 
asymmetrical and they are well de- 
veloped only in the fourth and fifth volu- 
tions. In the fifth volution the chomata 
are approximately one-half as high as the 
chambers and they extend about one- 
fourth the distance to the poles. 

Remarks.—This species was originally 
based by Staff and Wedekind on two 
distinct types of specimens which were 
regarded by them as dimorphic repre- 
sentatives of the same species. One of 
these types has a relatively large pro- 
loculum, apparently is composed of only 
two volutions, and has a larger form 
ratio (see their pl. 4, fig. 7). The other 
type of specimens which was originally 
included in this species by Staff and We- 
dekind (see their pl. 4, fig. 8) has a very 
small proloculum, a smaller form ratio, 
and is composed of four to five volutions. 
The above description of this species is 
based entirely on specimens of this sec- 
ond type.! One poorly oriented section 





! Staff and Wedekind’s illustration of this 
second type of specimen does not show an 
endothyroid juvenarium and the juvenarium 
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which apparently belongs to this first 
(‘‘makrosphirischen’’) type of Staff and 
Wedekind is present in the same slide 
with some of the specimens described 
above (pl. 22, fig. 2) but it seems to me 
that it is not conspecific with these 
(‘‘mikrosphirischen’’) specimens. I am 
regarding the specimen (or specimens) 
illustrated by Staff and Wedekind’s 
figure 8 of their plate 4 as typical of S, 
transitoria. In the ‘“‘makrosphirischen” 
form the proloculum is much larger and 
the inner volutions are essentially sym- 
metrical. However, this type of specimen 
seems to be relatively rare. If these are 
to be considered the megaspheric form of 
a dimorphic species, this case is not in 
harmony with the opinions of several 
paleontologists who have cited cases 
which they thought represented di- 


morphism among fusulinids and in which 
the so-called microspheric forms have 
been reported very rare in comparison 
with the megaspheric forms. 





is illustrated as being almost symmetrical 
with the outer volutions. However, in their 
diagnosis of the genus they state ‘‘inneren 
Windungen endothyrisch.’’ Specimens as 
represented by their pl. 4, fig. 7 could not 
conceivably possess an endothyroid juve- 
narium. We must then assume that their 
generic diagnosis is based on this second type 
of specimens. Their illustration (pl. 4, fig. 8) 
of this type is a drawing and possibly is a gen- 
eral composite of several sections and the 
juvenarium is not correctly drawn. Also, it 
should be pointed out that my specimens of 
an equal number of volutions are slightly 
larger than Staff and Wedekind’s, as deter- 
mined from their stated magnification, but 
they gave the magnification of their illustra- 
tions as being only approximate. 





EXPLANATION OF PLATE 22 


(All illustrations on this plate are unretouched photographs) 


Fics. 1, 3-6—Schubertella transitoria Staff and Wedekind. /, 3, 4, Sagittal sections; 5, axial 
section; 6, oblique parallel section. All X83. Permian, Tempel Bay, Spitzbergen. 


(p. 121) 


2—Schubertella(?) sp. Axial section, X83. Permian, Tempel Bay, Spitzbergen. (p. 122) 
7-10—Schwagerina anderssoni (Schellwien) (?). All X10. Permian, Isfjord, Spitzbergen. 


(p. 123) 


11—Section of bituminous Permian limestone from Tempel Bay, Spitzbergen, which 
contains Schubertella transitoria, showing numerous sections of Schwagerina(?) 
artica (Schellwien) and several sections of Foraminifera other than fusulinids, X10. 


(p. 123) 





PLATE 22 
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S. transitoria is very closely similar and 
presumably very closely related to S. 
giraudt (Deprat) of the Middle Permian 
of French Indo-China, and these two 
forms may possibly be conspecific. How- 
ever, the Spitzbergen form apparently 
has a smaller form ratio, and the general 
development of the shell seems to be 
different from that of S. giraudzi. 

Occurrence.—The specimens on which 
the above description is based came from 
Tempel Bay, Spitzbergen (presumably 
from the fusulinid-bearing limestone dis- 
covered by Nathorst in 1882 in a gully on 
the southeast side of the bay) and at 
least part of Staff and Wedekind’s origi- 
nal types probably came from the same 
exposure of limestone. Over 50 per cent 
of the limestone sample from which the 
specimens I am studying were obtained 
is composed of shells of Schwagerina? 
arctica (Schellwien) (pl. 22, fig. 11). Also, 
numerous sections of Foraminifera other 
than fusulinids are found in many of the 
thin sections of this same sample. A hand 
specimen labeled as coming from Isfjord, 
Spitzbergen, contains minute fusulinids 
which seem to be conspecific with the 
specimens from Tempel Bay and which 
are associated with Schwagerina anders- 
soni (Schellwien) ? (see pl. 22, figs. 7-10). 
Also, Holtedahl (1913) reports a form as 
Schubertella cf. transitoria from the region 
west of Green Bay, Spitzbergen. The 
associated forms of S. transitoria indicate 
that it is Lower Permian in age. 

Types.—Specimens illustrated on pl. 
22, figs. 4 and 5 (both on same slide), 
Stanford Univ. Pal. Type Coll. No. 5942; 
fig. 7, No. 5943; figs. 8 and 9 (both on 
same slide), No. 5944; fig. 10, No. 5945. 
All other types are in M. L. Thompson 
Fusulinid Collection. 


Subgenus EoSCHUBERTELLA 
Thompson, n. subgen. 


Subgenotype: Schubertella lata Lee and Chen. 


Diagnosis.—Shell minute, ellipsoidal 
to subglobular, loosely coiled. Mature 
forms consist of three to five volutions, 
0.35 to 1.3 mm. in length and 0.3 to 0.7 
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mm. in width. The form ratio is 1:1.7 to 
1:1.2. Juvenarium composed of one to 
one and one-half volutions, its axis of 
coiling may or may not be at a large 
angle to outer volutions, and its form 
ratio is typically small. Poles rounded to 
very bluntly pointed. Spirotheca com- 
posed of tectum, diaphanotheca, and 
upper and lower tectoria. Diaphanotheca 
typically very thin and cannot be recog- 
nized in most sections. The septa are thin 
and they are essentially unfluted 
throughout the length of the shell. The 
tunnel is rather narrow and the chomata 
are well developed but they are typically 
small. 

Mainly on the basis of the spirothecal 
structure, I (1935, 1936) formerly sug- 
gested that the minute fusulinids from 
the Lower Pennsylvanian of Asia, Eu- 
rope, and America which belong to the 
general group usually referred to Schuber- 
tella should be included in the genus 
Fusulinella. These minute forms, how- 
ever, are much smaller, normally have 
fewer volutions, are shorter and more 
nearly globular, and have relatively more 
highly inflated chambers than typical 
Fusulinella. Practically all students of 
Lower Pennsylvanian fusulinids have 
recognized that these minute forms 
represent a rather definite group but few 
have been able to recognize the four 
layers of the spirotheca. Probably in 
most representatives of this genus the 
diaphanotheca cannot be differentiated 
from the tectum. Our studies of the 
fusulinids have progressed to the point 
where it seems advisable to separate 
these minute forms into a separate group, 
even though it is recognized that they 
are somewhat closely related to Fusuli- 
nella as well as Schubertella s.s. With the 
true nature of the type of Schubertella 
s.s. now known, we are able to divide the 
minute fusulinids of the Pennsylvanian 
and Permian with more confidence into 
separate genera and subgenera. 

The following forms seem more closely 
related to Schubertella (Eoschubertella) 
lata (Lee and Chen) than to any other 
recognized subgenotype and hence I am 
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referring them to the subgenus Eoschu- 
bertella: Schubertella obscura Lee and 
Chen, S. magna Lee and Chen, S. gal- 
lowayi Skinner, Fusulinella oliviformis 
Thompson, F. diminutiva Thompson. All 
of these species come from strata equiva- 
lent in age to our American Lower Penn- 
sylvanian. 

Through the kindness of Dr. J. S. Lee 
I have had the opportunity to examine 
part of the original figured types of the 
genotype of Fustella Lee and Chen, F. 
typica Lee and Chen, and the only layers 
which can be recognized in the spirotheca 
of these types are a thin inner dark cen- 
tral layer and outer layers of tectoria. 
However, as was pointed out by Lee and 
Chen (1930), the spirothecal structure is 
somewhat blurred in these sections. It 
seems evident that the dark layer in the 
middle of the spirotheca of Fusiella 
typica corresponds to the tectum and 
diaphanotheca of such forms as Staffella 
and Fusulinella. The primitive develop- 
ment of the juvenarium and the weak 
chomata in Fusiella, however, distinguish 
representatives of this genus from those 
of the more highly developed forms of 
Fusulinella.  Fusiella  granum-oryzae 
Doutkevitch of the Middle Carbonifer- 
ous (Lower Missouri series) of western 
European Russia is apparently the most 
highly developed representative of Fusi- 
ella so far described. Doutkevitch’s 
(1934) very thorough description and 
illustrations of this form suggest that in 
the outermost volution of mature in- 
dividuals a thin diaphanotheca is becom- 
ing visible (see his pl. 1, fig. 8). This 
species is probably an ancestral form of 
Boultonia Lee. Representatives of Fusi- 
ella may be distinguished from those of 
Eoschubertella by their more compact 
coiling, more elongate shells, and marked 
difference in the profiles of the different 
volutions. Both of these groups have 
rather primitive juvenaria and their 
spirothecal structure is also primitive. 
Our present meager knowledge of the 
primitive fusulinids suggests to me that 
Eoschubertella was ancestral to the Lower 
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Pennsylvanian genus Fusulinella, and its 
more primitive branch gave rise to 
Fusiella. The main stock of Eoschubertella 
apparently remained little changed along 
side of more advanced fusulinids and in 
Lower Permian times gave rise to 
Schubertella s.s. 
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ABSTRACT 


The Yanghsin limestone of the Mt. Omei region, China, is divisible into three units which we 
refer, respectively, to the Moscovian(?), Lower Permian, and Upper Permian. In this paper 
eleven species of fusulinids are described and illustrated from the upper unit of the Yanghsin 
limestone, and they are referred to the genera Schubertella, Neofusulinella, Ozawainella, Staf- 
fella(?), Schwagerina, Eoverbeekina, Verbeekina, Pseudodoliolina, Neoschwagerina, and Suma- 
trina. The following forms are described as new: Eoverbeekina cheni, Verbeekina grabaut, and 


V. heimz. 





Several reports have been pub- 
lished in recent years on the geology 
of the vicinity of Mt. Omei, on the 
southwestern edge of the Red Basin, 
Szechuan Province, China, but very 
little paleontological work of a sys- 
tematic nature has been published on 
the rich faunas found in many of the 
sedimentary rocks of that part of 
China. Foster (1923) has discussed 
rather briefly the stratigraphy and 
structure of this region, giving a list 
of fossils collected about 5 miles east 
of Mt. Omei from strata which he 
considered Upper Carboniferous or 
Permian in age. Chao (1929) worked 
out the general stratigraphic section 
for the Mt. Omei region and pro- 
posed names for the larger lithologic 
units. Heim (1932) discussed at some 
length the structure of the Mt. Omei 
area and summarized the stratigra- 
phy of the region as known up to that 
time. 

The general structure of the im- 
mediate region around Mt. Omei is 
a double-plunging anticline, known 
as the Omeishan Anticline, with the 
axis trending north-south. The west- 
ern limb of the anticline has a dip of 
10 to 25 degrees. The dip on the east- 


ern limb varies considerably from 
place to place and the region is cut 
by numerous faults. The dip of the 
east limb varies from 10 to more 
than 90 degrees. The eastern and 
central portions of the Omeishan 
Anticline have been very highly dis- 
sected by stream erosion into peaks, 
ridges, and canyons. The western 
side of the anticline is little eroded 
and it forms the very prominent hog- 
back known as Mt. Omei, which is 
bounded on the east by an almost 
vertical cliff over 3,000 feet high and 
which has a westward sloping surface 
of 10 to 25 degrees. 

The following stratigraphic names 
have been used for the strata exposed 
within the Omeishan Anticline, the 
youngest at the top. 


Stratigraphic Divisions Exposed within the 
Omeishan Anticline 
Thickness (feet) 


9. Coal-bearing series (Jurassic) . 800 
8. Purple shale and limestone 

oo) ee ae 2,750 
7. Omeishan basalt (Permian?) .1,000-1 ,300 
6. Yanghsin limestone  (Per- 

oS See eee 650-1 ,300 
5. Shinkaisze (Silurian)........ 420-— 550 
4. Hsihsiangtshi (Ordovician?).. 550- 700 
3. Yusiensze series (Cambrian). 200- 230 
2. Tshiulaotung series (Cam- 

errr 500-— 800 
1. Hungtshungping _ limestone 

EE cakariwowwcanens 3 ,600—4 ,000 
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During five summer field seasons, 
1919 to 1923 inclusive, the junior 
author of the present paper obtained 
rather large collections from the 
Yanghsin limestone near the bunga- 
lows of the summer resort about 5 
miles east of the eastern cliff of Mt. 
Omei. Among these collections there 
are a number of hand-specimens of 
limestone which contain an abun- 
dance of fusulinids, and the fusu- 
linids seem to offer the best available 
clues as to the age of the limestone. 
The following systematic fusulinid 
study is based entirely on the col- 
lections mentioned. 

Foster (1923), who listed ‘‘Schwa- 
gerina sp.’ from the middle portion 
of the Yanghsin limestone, appar- 
ently was the first to report fusulinids 
from near Mt. Omei. From the lower 
part of the Yanghsin limestone on 
the Mt. Omei trail Chao (1929) 
reported Fusulinella, and from the 
upper part Schwagerina, Fusulina, 
and Neoschwagerina. Heim (1932) 
added that fusulinids are abundant 
in the middle part of the limestone. 
Thompson and Miller (1935) de- 
scribed Schwagerina fosteri, probably 
from the middle portion of the 
Yanghsin limestone on the eastern 
slope of Shin K’ai Shi, an erosional 
remnant on the eastern limb of the 
Omeishan Anticline. S. fosteri is ref- 
erable to the newly established 
genus Paraschwagerina Dunbar and 
Skinner and that species indicates 
Lower Permian age for at least part 
of the Yanghsin limestone. 

The genus Fusulinella Moller is 
believed to be restricted to the lower 
portion of the Upper Carboniferous 





127 


(Moscovian), even though it has 
been identified from the Upper Per- 
mian of Japan and from the Middle 
Permian of Sicily and Greece, the 
identification from one of these locali- 
ties being certainly in error and the 
others probably erroneous. If Chao’s 
identification of Fusulinella from Mt. 
Omei is correct, the lower portion of 
the Yanghsin limestone may be equiv- 
alent in age to the Huanglung lime- 
stone (Moscovian) of eastern China. 
It should be mentioned in this con- 
nection, however, that Neofusuli- 
nella lantenoisi Deprat, of which we 
have numerous sections, very closely 
resembles Fusulinella in general out- 
line, and Chao may have been study- 
ing this form. Chao’s specimens have 
not been described or illustrated. The 
forms identified by Chao as Schwa- 
gerina, Fusulina, and Neoschwager- 
ina, from the upper portion of the 
Yanghsin limestone, all clearly indi- 
cate Permian age for that part of the 
formation. 

Because of variation in dips and 
the presence of several faults, it is 
difficult to determine in every case 
from exactly what position in the 
Yanghsin limestone all of our collec- 
tions were obtained. Heim has recog- 
nized three lithologic units of the 
Yanghsin limestone but he has not 
proposed member names for them. 
On the eastern cliff of Mt. Omei the 
lower unit is estimated to be about 
140 feet thick, the middle unit about 
140 feet thick, and the upper unit 
about 390 feet thick. In the eastern 
portion of the Omeishan Anticline the 
Yanghsin limestone reaches an esti- 
mated thickness of about 1,300 feet. 
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The basal part of this limestone, from 
which Chao reports Fusulinella, is 
overlain by an irregular bed of black 
shale. Apparently none of our collec- 
tions came from this lower unit. 


As nearly as we have been able to de- 
termine, the fusulinids which we are 
studying were collected from the Yangh- 
sin limestone as follows: Paraschwagerina 
fosteri (Thompson and Miller) from the 
middle unit of the Yanghsin limestone 
(about 300 feet above the base of the 
formation) near the Foster Bungalow; 
Neofusulinella lantenoist Deprat, Oza- 
wainella sp., and Eoverbeekina chent, n. 
sp., from the lower portion of the upper 
unit from near the Foster Bungalow and 
from near the Wellwood Bungalow; 
Schubertella simplex Lange, Verbeekina 
grabaut, n. sp., Pseudodoliolina pseudo- 
lepida (Deprat), Neoschwagerina aff. N. 
carticulifera (Schwager) from the upper 
unit of the formation (probably near the 
mid-portion of the unit) about 500 feet 
east of the Davies Bungalow; and S. 
simplex Lange, Staffella(?) sp., Schwager- 
ina sp., Verbeekina heimi, n. sp., and 
Sumatrina annae Volz (?) from the upper 
portion of the Yanghsin limestone near 
the Foster Bungalow and on the cliff 
below the Davies Bungalow. 


Our study of the fusulinids of the 
Yanghsin limestone indicates clearly 
that the upper portion of the forma- 
tion is Middle Permian in age, and 
its fusulinid fauna seems to be rather 
closely related to at least a part of the 
fusulinid fauna of the Chihsia lime- 
stone of southeastern China, of the 
Permian limestone of Guguk Bulat, 
Sumatra, of the Sosio beds of Sicily, 
and of the Permian of the Aegean 
Islands, Greece. The fusulinids of the 
lower portion of the upper unit of 
the Yanghsin limestone may also be 
Middle Permian in age, but if they 
are Middle Permian, they are prob- 
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ably lower Middle Permian. Thomp- 
son and Miller (1935) suggested the 
correlation of the horizon of Parg- 
schwagerina fostert with the Taiyuan 
series of northern China and the Big 
Blue series and the Wolfcamp forma- 
tion of North America. It seems to 
us that the horizon of P. fosteri is 
Lower Permian in age, but we doubt 
that it is lowermost Lower Permian. 

Lee and Chao (1924) have listed 
three fusulinids from the Lower 
Wushan limestone of the Yangtze 
Gorge as ‘‘Fusulinella multivoluta sp. 
nov., Fusulinella verbeekinoides sp. 
nov., and Fusulinella  sphaerica 
Abich.”’ The first two of these names 
are nomina nuda, and Lee and Chao 
illustrated none of these forms. It is 
clear, however, that Lee (1933) later 
described and illustrated one of them 
as Pisolina excessa Lee, another as 
Nankinella orbicularia Lee, and he 
referred the form identified in 1924 
as Fusulinella sphaerica Abich to 
Eoverbeekina intermedia Lee. The 
horizon of these forms in the Lower 
Wushan limestone probably is not 
greatly different in age from the hori- 
zon of Eoverbeekina cheni, Ozawai- 
nella sp.,and Neofusulinella lantenoisi 
described below from the Yanghsin 
limestone. In their report of 1924, 
mentioned above, Lee and Chao 
identified two forms from the Upper 
Wushan limestone as Yabeina inouei 
Deprat and Neoschwagerina marga- 
retae Deprat. The Middle Wushan 
limestone is considered to be defi- 
nitely Middle Permian in age, but 
the horizon of these two highly de- 
veloped fusulinid species is probably 
younger stratigraphically than any 
of our Yanghsin forms. 
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SYSTEMATIC DESCRIPTIONS 


Family FUSULINIDAE Moller 
Subfamily SCHUBERTELLINAE 
Skinner 


Genus SCHUBERTELLA Staff 
and Wedekind 


Subgenus SCHUBERTELLA Staff 
and Wedekind (s.s.) 


Thompson (1937) has _ recently 
studied the subgenotype of Schubertella 
(s.s.), S. transitoria Staff ani Wedekind, 
from Spitzbergen, and found that it is 
Permian in age and that its spirotheca is 
composed of a tectum and an apparently 
structureless lower layer which is referred 
to as a diaphanotheca. Our form de- 
scribed below as Schubertella (Schubert- 
ella) simplex Lange clearly is congeneric 
with S. transitoria. The subgenus Schu- 
bertella is represented by about ten de- 
scribed species and it occurs throughout 
the Permian. 


SCHUBERTELLA (SCHUBERTELLA) 
SIMPLEX Lange 
Plate 23, figures 5-11 

Schubertella simplex LANGE, 1925, Geol.- 
mijnb. genootsch Nederland en Kolonien, 
Verh., Geol. ser., Deel 7, pp. 254, 255, pl. 3, 
figs. 60a—60d. 

(?) Neofusulinella simplex Ozawa, 1927, 
Tokyo Imp. Univ., Fac. Sci., Jour., sec. 2 
(Geology), vol. 2, pt. 3, p. 151, pl. 39, fig. 8. 

Fusulinella simplex YABE and HANZAWA, 
1931, Leidsche Geol. Mededeel., Deel 5 
(Feestb. K. Martin), p. 25. 


Shell very minute, subellipsoidal. Ma- 
ture specimens consist of about five 
volutions and they measure about 0.65 
mm. in length and 0.4 mm. in width. The 
form ratio is about 1:1.6. The profile of 
the first volution is subcircular and in 
the second and third volutions the profile 
becomes elliptical. The lateral slopes of 
mature specimens are moderately low 
and are distinctly convex. Poles very 
blunt to broadly rounded. 

The spirotheca of this species is rela- 
tively very thick. It is composed of a 
tectum and thick lighter inner layer 
which does not show any traces of alve- 


oli. The spirotheca increases in thickness 
from an extremely thin layer in the first 
volution to 5u in the second volution, 124 
in the third volution, 21y in the fourth 
volution, and 27y in the fifth volution. 

The septa are rather thick and they 
are formed by the downward deflection 
of the tectum and diaphanotheca of the 
spirotheca. The diaphanotheca thins 
markedly toward the base of the septa. 
There are 8 septa in the second volution, 
11 in the third volution, and 16 in the 
fourth volution. The septa are unfluted 
throughout the length of the shell. 

The proloculum is very small and its 
inside diameter measures about 35u. The 
first volution has a form ratio of about 
1:0.53 and its axis of coiling is almost 
normal to the axis of coiling of the outer 
volutions. The rate of expansion of the 
shell is essentially uniform and _ the 
heights of the first five volutions are 21, 
30, 48, 60, and 85yu. 

The tunnel is broad and it is about 
one-half as high as the chambers in the 
fifth volution. The tunnel angle measures 
about 35 degrees in the fifth volution. 
Chomata are extremely small or absent. 

Remarks.—Schubertella simplex resem- 
bles in some respects S. transitoria Staff 
and Wedekind. These two species may be 
distinguished rather easily, however, for 
in S. simplex the shell expands more 
rapidly, the spirotheca is thicker, the 
tunnel angle larger, and the chomata 
much smaller. Also, the shells of these 
two forms have different shapes. S. sim- 
plex resembles S. giraudi (Deprat) in 
some respects, but it is smaller, has 
thicker spirotheca, a larger tunnel angle, 
and its shell is different in shape than 
that of S. giraudi. 

Occurrence.—This species was origi- 
nally described by Lange from the Mid- 
dle Permian of Guguk Bulat, Sumatra. 
Ozawa referred specimens to this species 
from the Permian of Akasaka, Japan. It 
is very abundant in a light-gray dense 
limestone, about 1} miles east of Shin 
K’ai Shi, where it is associated with 
Sumatrina annae Volz (?), Staffella (?) 
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sp., Schwagerina sp., and Verbeekina 
heimi, n. sp., and it is rather abundant in 
a medium-gray slightly cherty limestone, 
about 1 mile east of Shin K’ai Shi and 
500 feet east of the Davies Bungalow, 
where it is associated with Neoschwager- 
ina aff. N. carticulifera (Schwager), 
Pseudodoliolina pseudolepida (Deprat), 
and Verbeekina grabaut, n. sp. 


Genus NEOFUSULINELLA 
Deprat, 1912 


The genus Neofusulinella was estab- 
lished by Deprat (1912) for an unnamed 
species from the Middle Permian of 
French Indo-China. The following year 
Deprat (1913) described this species as 
Neofusulinella lantenoisi and at the same 
time referred two other species, N. prae- 
cursor Deprat and N. schwagerinoides 
Deprat, to this genus, but he did not 
designate a genotype. It is clear from his 
original description of Neofusulinella, 
however, that it was based entirely on 
N. lantenoisi and that the other two 
species referred to it in 1913 did not enter 
into the description. N. lantenoisi, there- 
fore, must be regarded as the genotype 
of Neofusulinella (Thompson, 1934). 

Deprat’s illustrations of N. lantenoisi 
are partially, at least, drawings, and the 
types have apparently been irretrievably 
lost. Much uncertainty has been ex- 
pressed by several paleontologists as to 
the precise nature of this species. De- 
prat’s figure 23 on his plate 7 (apparently 
a retouched photograph), however, shows 
many of the major characters of this 
form. We have a number of sections of 


M. L. THOMPSON AND C. L. FOSTER 





a form in our collections which possess 
characters that seem to be identical with 
the characters of the types of N. lante. 
noisi as determined from Deprat’s de. 
scription and _ illustrations. We are, 
therefore, referring our form to that spe- 
cies. 

So far as we have been able to deter- 
mine, the genotype is the only described 
representative of Neofusulinella. The 
generic diagnosis is given below under 
the description of N. lantenoisi. 

Neofusulinella is more closely similar 
and presumably more closely related to 
Yangchienia Lee than to any other recog- 
nized genus. The major differences be- 
tween these two genera are that in Yang. 
chienia the juvenarium is endothyroid 
and asymmetrical, its chomata are much 
better developed, and the spirotheca is 
much thinner than in WNeofusulinella, 
Neofusulinella apparently is closely re- 
lated to Schubertella and it may have 
developed from that genus. It is typically 
much larger, has a markedly different 
juvenarium, and its spirotheca is thicker 
and has a different structure from that 
of Schubertella. In many respects Neo- 
fusulinella resembles representatives of 
Triticites Girty but these two genera are 
undoubtedly quite distinct biologically. 
The septa of Neofusulinella are not fluted 
in the same manner as those of Triticites, 
its spirotheca is typically thinner, its 
chomata are not similar to those of 
Triticites, and its shell is smaller at ma- 
turity than in most specimens of Tri- 
ticites. 


Neofusulinella has been placed in 





EXPLANATION OF PLATE 23 


All illustrations on this plate are unretouched photographs. All specimens are from the 
Yanghsin limestone on Shin K’ai Shi, Szechuan, China. 


Fics. 1-3—Verbeekina heimi Thompson and Foster, n.sp. Sections of sub-mature individuals, 


X10. 
4—Staffella? sp. Axial section, X40. 


(p. 137) 
(p. 134) 


5-11—Schubertella simplex Lange. 5, 10, Sagittal sections, X40. 6, 11, Oblique sections, 
X40. 7, Axial section, X40. 8, 9, Parallel sections, x40. _ 129) 
12—Eoverbeekina cheni Thompson ‘and Foster, n. sp. Tangential section, X10. (p. 135) 


13—Sumatrina annae Volz?. Portion of a tangential section, X20. 


(p. 143) 


14—16— Verbeekina grabaui Thompson and Foster, n. sp. /4, Parallel section, X10. 15, 16, 
Axial sections, 


X10. 


(p. 136) 














JouRNAL OF PALEONTOLOGY, Vot. 11 PriaTE 23 





Thompson and Foster, Permian Fusulinids 





(sr 
oF 
a, 














synonymy with Fusulinella Moller, Schu- 
bertella Staff and Wedekind, and Depra- 
tella Ozawa. It has been considered 
Permian in age by some, and Moscovian 
(Lower Pennsylvanian) in age by others. 
The genotype and only known repre- 
sentative is Middle Permian in age. 


NEOFUSULINELLA LANTENOISI Deprat 
Plate 24, figures 1-4 


Neofusulinella sp., DEPRAT, 1912, Acad. sci. 
Paris, Comptes rendus, tome 154, pp. 1549, 


1550. 
Neofusulinella lantenoisi Deprat, 1913, 


Indochine Service géol., Mém., vol. 2, fasc. 
1, pp. 41, 42, pl. 7, figs. 23-25. 


Shell small, short, obese, fusiform. 
Poles sharply pointed. Lateral slopes 
steep and uniform. Mature forms con- 
sist of five to six volutions and they meas- 
ure 2.8 to 3.7 mm. in length and 1.8 to 
2 mm. in width. The form ratio is large 
in the inner one to two volutions and it 
is about 1:1.8 for the fifth and sixth 
volutions. 

The spirotheca is relatively thick and 
it is composed of a tectum and a thick 
lower layer. The finer details of the struc- 
ture of the spirotheca have been blurred 
by replacement during fossilization, as 
seen in some sections, but there are faint 
indications of an alveoli-like structure in 
the lower layer. Near the center of the 
shell the spirotheca measures about 30, 
40, 60, and 70u, respectively, in the third 
to the sixth volutions. Poleward from the 
tunnel the spirotheca thins very rapidly. 

The septa are rather numerous. They 
are composed of the tectum and a lighter 
layer on the posterior side. The anterior 
side of the septa are covered by a layer 
which has been altered to the point where 
its exact nature cannot be determined. 
It may be continuous with the chomata. 
The septal count gives about 18, 20, 
24, and 32 for the third to the sixth volu- 
tions. The septa are very straight across 
the mid-portion of the shell and they are 
essentially unfluted throughout the length 
of the shell. 

None of our sections are well enough 
centered to measure the diameter of the 
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proloculum. All volutions are essentially 
symmetrical throughout the shell. The 
inner volution is rather tightly coiled 
but the rate of expansion is uniform and 
the outer volutions are highly inflated. 
The heights of the second to the sixth 
volutions of a typical specimen measure 
70, 100, 130, 170, and 240y, respectively. 

The tunnel is very narrow in the inner 
volutions but in the sixth volution it is 
low and wide and there it is about one- 
seventh as high as the chambers and 
about one-tenth as high as wide. The 
tunnel angle measures about 30 degrees 
in the sixth volution. The chomata are 
well developed throughout the shell. 
They are almost one-half as high as the 
chambers in the fifth volution of forms 
of six volutions. The tunnel side of the 
chomata are essentially vertical and the 
chomata slope downward very rapidiy 
toward the poles. 

Remarks.—The specimens which we 
are studying agree remarkably closely 
with Deprat’s illustrations of the syn- 
types as well as his descriptive data of 
the genotype of Neofusulinella, N. lan- 
tenoisit. The following characters of our 
specimens are almost identical with those 
of Deprat’s illustrated and described syn- 
types: the size and number of volutions, 
the shape of the shell, the rate of expan- 
sion and heights of the different volu- 
tions, the tunnel angle, the size and shape 
of the chomata, the thickness of the 
spirotheca, the structure of the spiro- 
theca, the septal count, and the attitude 
of the septa. It therefore seems certain 
that our specimens are conspecific with 
Deprat’s syntypes of N. lantenoisi. 

This species is the only described rep- 
resentative of Neofusulinella, and it is so 
distinct from all other described fusulin- 
ids that specific comparisons seem un- 
necessary. 

Occurrence.—Deprat’s types came from 
the Permian limestone of Bam-Na-Mat, 
between Sam-Neua and Luang-Prabang, 
where they are associated with Schwa- 
gerina ? parumvoluta (Deprat), Dolio- 
lina major Deprat, and Cancellina neo- 
schwagerinoides (Deprat). This species 
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occurs rather abundantly in a dark-gray 
to black, slightly cherty limestone, about 
a quarter of a mile east of Shin K’ai 
Shi near the Wellwood Bungalow, where 
it is associated with Eoverbeekina cheni, 
n. sp., and Ozawainella sp.; and in a dark- 
gray to black, slightly cherty limestone 
about 14 miles east of Shin K’ai Shi near 
the Foster Bungalow, where it is asso- 
ciated with Ozawainella sp. 


Subfamily OZAWAINELLINAE 
Thompson and Foster, 
n. subfam. 


Genus OZAWAINELLA 
Thompson, 1935 


The genus Ozawainella was established 
by Thompson (1935) with Fusulinella 
angulata Colani as genotype. It belongs 
to the general group of lenticular and 
discoidal fusulinids which have at vari- 
ous times been referred to Fusulinella 
Miller, Staffella Ozawa, and Nankinella 
Lee, and to the questionable fusulinid gen- 
era Orobias Eichwald (=Ozawaina Lee) 
and Nummulostegina Schubert. The avail- 
able evidence indicates that in Lower Car- 
boniferous (Mississippian) times the 
lenticular forms of the group to which 
Fusulinella struviti Méller belongs and 
the Middle Carboniferous (Lower Penn- 
sylvanian) spheroidal forms generally 
referred to Staffella were developed from 
a common ancestor. The latter type gave 
rise to the fusiform and ellipsoidal to 
spheroidal fusulinids, and the former 
type gave rise to the discoidal and lentic- 
ular fusulinids of the Upper Carbonifer- 
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ous and Permian. The relationship be- 
tween Ozawainella and_ the highly 
developed fusiform and ellipsoidal to 
spheroidal fusulinids of the Permian 
seem, therefore, to be rather far removed. 

Our present knowledge of the develop- 
ment of the lenticular and discoidal 
fusulinids during the Carboniferous and 
Permian is rather meager, but they seem 
to constitute a rather definite group and 
do not seem to fit well within any pre- 
viously defined subfamily of the Fusulini- 
dae. If subfamilies of the fusulinids are 
to be recognized, it seems to us that a 
new subfamily should be established for 
the Carboniferous forms now generally 
referred to ‘‘Orobias’’ and ‘ Nummulo- 
stegina”’ and the Permian fusulinids of 
the genera Nankinella and Ozawainella, 
We are, therefore, proposing the sub- 
family name Ozawainellinae for them. 
We would have preferred to use the older 
genus Nankinella Lee for the type of 
this subfamily, but Ozawainella seems to 
be more primitive biologically and more 
typical of the group, and we have had the 
opportunity to study first-hand speci- 
mens of Ozawainella. 

The spirotheca of Ozawainella is com- 
posed of a tectum and a lower layer which 
we are referring to as a keriotheca, the 
minute structures of which have not been 
clearly observed. The _ periphery is 
sharply angular to subangular. The 
tunnel is narrow and high and more or 
less triangular in cross section. The 
chomata are well developed and they 
spread laterally almost to the poles. The 
septa are thin and numerous, and they 
are unfluted throughout the shell. The 





EXPLANATION OF PLATE 24 


All illustrations on this plate are unretouched photographs. All of the specimens are from 
the Yanghsin limestone on Shin K’ai Shi, Szechuan, China, except those of figures 9 and 10 
which are from the Nezumi zone of the Akasaka limestone, Akasaka, Mino, Japan. 


Fics. 14—Neofusulinella lantenoisi Deprat. 1, 2, Slightly tangential sections, X 20. 3, Portion 


of a tangential section, X10. 4, Crushed sagittal section, X10. 
5—Verbeekina heinzi Thompson and Foster, n. sp. Sagittal section, X10. 
6-8—Ozawainella sp. 6, 8, Sagittal sections, X10. 7, Oblique section, X10. 


(p. 131) 
(p. 137) 
(p. 133) 


9, 10—Pseudodoliolina ozawai Yabe and Hanzawa. 9, Axial section, X20. /0, Sagittal 


section, X20. 


11—Eoverbeekina cheni Thompson and Foster, n. sp. Axial section, X10. 


(p. 138) 
(p. 135) 
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axis of coiling is short and the form ratio 
is 2:1 to 4:1. 

Schubert’s illustrations of the type of 
Nummulostegina indicate a_ periphery 
which is rather broadly rounded. The 
exact nature of the internal structures 
of Nummulostegina is not clear to us, 
but the rounded periphery of this genus 
indicates that its representatives would 
not be confused with those of Ozawain- 
ella. The original illustrations of Num- 
mulina antiquior Rouiller and Vosinsky, 
the genotype of Orobias, show a form 
which does not seem to be planispiral 
and of which the periphery is not sharply 
angular. This form is supposed to be 
conical at one end of the axis and almost 
flattened at the other end. 

Through the kindness of Prof. C. O. 
Dunbar we have studied a sample of 
the white marly Mjatschkowo limestone 
from Mjatschkowo, Russia, collected by 
the late Prof. L. V. Pirsson. This material 
is rather easily crushed and the speci- 
mens are readily isolated. We have ob- 
tained from this sample numerous speci- 
mens of Fusulina, Staffella, and a small 
discoidal form which probably is refer- 
able to Fusulinella bradyi Moller. Mjatsch- 
kowo is the type locality of N. an- 
tiquior but we have not succeeded in 
finding specimens which resemble the 
illustrations or which conform to the 
description of that species. There are, 
however, small concretions or odlities of 
various shapes present in the material 
we are studying. It seems to us probable 
that Rouiller and Vosinsky’s types of 
N. antiquior are not all fusulinids. 


OZAWAINELLA sp. 
Plate 24, figures 6-8 


Shell of medium size, lenticular in 
shape. Periphery subangular. Our largest 
specimens are composed of nine volutions, 
and they measure about 2 mm. in length 
and 4 mm. in width. The form ratio is 
slightly more than 1:0.5 for the ninth 
volution and it is essentially the same 
throughout the shell. 

Septa very numerous. 


The septal 
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count of the third to the ninth volution 
of a typical specimen gives 12, 15, 20, 
22, 30, 36, and 35. The preservation of 
our specimens is such that the detailed 
structure of the septa cannot be deter- 
mined with certainty. The septa are 
unfluted. 

The proloculum is very small and its 
inside diameter measures about 40u. The 
rate of expansion of the shell is uniform, 
and the heights of the first to the ninth 
volutions of a typical specimen measure 
35, 60, 105, 130, 215, 233, 277, 285, and 
260u. The volutions are symmetrical 
throughout the shell. 

The spirotheca is thick. It is composed 
of a tectum and a very thick lower layer. 
The preservation is such that the finer 
details of the spirothecal structure can- 
not be determined and alveoli have not 
been recognized. The tectum together 
with the lower layer of the spirotheca 
measures 17, 26, 43, 60, 87, 87, and 105u 
in the third to the ninth volutions. 

The tunnel is essentially triangular in 
cross section and it is developed almost 
to the end of the last volution. The cho- 
mata are well developed and they are 
markedly asymmetrical. The exact na- 
ture of the chomata are not clearly shown 
in all parts of our specimens. 

Remarks.—Most of the characters of 
this form can be determined from the 
material of our collection, and it does not 
seem to be referable to any previously 
described species. Since the exact nature 
of the development of the chomata and 
the septal and spirothecal structures can 
not be determined with certainty from 
our specimens, we hesitate to make them 
the types of a new species. Although we 
have a rather large number of specimens, 
we do not feel sure that any of them are 
mature. 


This species seems to be more or less 
an intermediate form between Nanki- 
nella Lee and Ozawainella Thompson. 
Colani’s illustrations of the genotype of 

zawainella, O. angulata (Colani), show 
a spirotheca composed of a tectum and a 
relatively thick keriotheca. Also, O. 
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angulata has a rather sharply angular 
periphery and broad well developed cho- 
mata. The form we are studying has a 
more sharply angular periphery and ap- 
parently broader and better developed 
chomata than the type of the genus 
Nankinella Lee, N. discoides (Lee). In 
general shape the specimens we are 
studying resemble Fusulinella terebra 
Lange of the Middle Permian of Suma- 
tra, but Lange’s illustrations of that form 
do not permit detailed specific or generic 
comparisons. 

Occurrences.—This form occurs rather 
abundantly in a dark-gray to black, 
slightly cherty limestone, about one- 
fourth of a mile east of Shin K’ai Shi 
near the Wellwood Bungalow, where it 
is associated with Eoverbeekina chent, n. 
sp., and Neofusulinella lantenoisi Deprat, 
and in a dark-gray to black, slightly 
cherty limestone, about 1} miles east of 
Shin K’ai Shi near the Foster Bungalow, 
where it is associated with Neofusulinella 
lantenoisi Deprat. 


Subfamily FUSULININAE Staff 
and Wedekind 


Genus STAFFELLA Ozawa 


STAFFELLA? sp. 
Plate 23, figure 4 


We have found only one specimen of 
this form in our collections. Since it is 
incomplete and probably represents an 
immature individual, its specific as well 
as generic affinities can not be determined 
with certainty. 

Our specimen is subspherical in shape 
and measures about 0.3 mm. in length 
and 0.38 mm. in width. It is composed of 
four volutions and it is slightly umbili- 
cate. The form ratio is about 1:0.55 for 
the second volution and about 1:0.8 for 
the fourth volution. The periphery is 
rounded throughout the shell. The spiro- 
theca is relatively thick and it is appar- 
ently composed of a tectum and a light 
inner layer. The spirotheca measures 
about 17.5u in the fourth volution. The 
tunnel is rather low and narrow and its 
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line of intersection with axial sections js 
essentially straight. The chomata are 
narrow but well developed. The prolo- 
culum measures about 25yu in diameter, 

Remarks.—The general shape of the 
shell and the development of the cho- 
mata of this specimen resemble remark- 
ably closely those of the Lower Pennsyl- 
vanian forms of America which are 
generally referred to Staffella, but its 
spirotheca is thicker and apparently is 
composed of only two layers. In many 
respects this form resembles the type of 
the genus Sphaerulina Lee, S. crassispira 
Lee, and it may be referable to that 
genus. However, the periphery of its 
juvenarium is not as nearly subangular 
as the juvenarium of the type of that 
genus and its general shape seems to be 
different. 

Occurrence—This form occurs in a 
light-gray dense limestone, about 1} 
miles east of Shin K’ai Shi near the 
Foster Bungalow, where it is associated 
with Sumatrina annae Volz ?, Schu- 
bertella simplex Lange, Schwagerina sp., 
and Verbeekina heimi, n. sp. 


Subfamily SCHWAGERININAE 
Dunbar and Henbest 


Genus SCHWAGERINA 
Moller, 1877 


SCHWAGERINA sp. 
Plate 25, figure 1 


Only a few specimens of this form have 
been found among our collections and 
they are not well enough oriented for 
specific identification. However, these 
sections show the general characters 
which identify them as_ representing 
the genus Schwagerina, as recently rede- 
fined by Dunbar and Skinner (1936). For 
the sake of completeness we are illustrat- 
ing one of these specimens. 

Occurrence.—This form occurs in a 
light-gray dense limestone, about 1} 
miles east of Shin K’ai Shi, where it is 
associated with Sumatrina annae Volz?, 
Staffella ? sp., Schubertella simplex Lange, 
and Verbeekina heimi, n. sp. 
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Subfamily VERBEEKININAE 
Staff and Wedekind 


Genus EOVERBEEKINA Lee, 1933 


The genus Eoverbeekina was estab- 
lished by Lee (1933) with E. intermedia 
Lee as genotype. Lee compared E. inter- 
media with Staffella moellerana Thomp- 
son [= Fusulinella sphaerica Miller] from 
Armenia and there are several points 
which strongly suggest that they are 
congeneric. They are about the same in 
size and shape. S. moellerana is the type 
of the genus Staffella Ozawa but Mdller’s 
illustrated axial section does not show 
well developed chomata and it is several 
times larger than the Lower Pennsylva- 
nian forms which are generally referred to 
Staffella. S. moellerana contains more 
volutions than the Lower Pennsylvanian 
forms generally referred to Staffella and 
it seems probable that they are not con- 
generic. The precise age of the genotype 
of Staffella is somewhat uncertain but it 
may be of about the same age as E. inter- 
media and they may be congeneric; in 
which case Eoverbeekina is a synonym 
of Staffella, which has priority. This can- 
not be determined, however, until the 
syntypes or good topotypes of S. moeller- 
ana are studied in the light of our present 
knowledge of the fusulinids. 

Eoverbeekina is very closely similar in 
shape and general development to Ver- 
beekina Staff and, as suggested by Lee, 
it is probably ancestral to Verbeekina. 
Representatives of these two genera may 
be distinguished rather easily, for in 
Eoverbeekina the juvenarium is lenticular 
and its periphery is angular, the shell 
possesses a tunnel which is not found in 
Verbeekina, and the parachomata are not 
developed as in Verbeekina. 


EOVERBEEKINA CHENI Thompson and 
Foster, n. sp. 


Plate 23, figure 12; Plate 24, figure 11 


Eoverbeekina (?) or Sphaerulina (?) LEE, 1933, 
Nat. Research Inst. Geology, Mem., no. 14, 
p. 24, pl. 1, fig. 5. 

Eoverbeekina intermedia CHEN, 1934, Palaeon- 


tologia Sinica, ser. B. vol. 4, fasc. 2, pp. 103- 

105, pl. 2, fig. 11. 

Shell of medium size, essentially 
spherical. Our largest specimens are com- 
posed of nine volutions and they measure 
about 3.7 mm. in length and 3.7 mm. in 
width. The form ratio is 1:0.5 for the 
second volution, 1:1 for the fourth volu- 
tion, 1:1.2 for the fifth volution, and 1:1 
for the ninth volution. The periphery of 
the inner three volutions is subangular, 
but beyond the third volution the periph- 
ery becomes broadly rounded. 

The septa are thin and they are com- 
posed of a tectum and a rather thin 
layer of lighter material on the posterior 
side. The septa are rather closely spaced, 
and they are unfluted throughout the 
shell. 

The spirotheca is composed of a tec- 
tum and a finely alveoli keriotheca. Its 
thickness for the fifth to the ninth volu- 
tion measures about 17, 26, 43, 60, and 
80u. 

The proloculum is very small and its 
inside diameter measures about 25yu. The 
juvenarium is composed of three to three 
and one-half volutions and it is very 
tightly coiled. Beyond the juvenarium 
the shell expands rather rapidly. The 
heights (in microns) of the first to the 
eighth volutions measure about 43, 60, 
70, 130, 215, 320, 390, and 320. 

Foramina are abundant in the outer 
five volutions of forms of nine volutions, 
and they are more or less circular in 
cross section. We have not been able to 
recognize foramina in the inner four 
volutions. A small triangular tunnel is 
present in the subangular periphery of 
the juvenarium, and in the outer volu- 
tions the tunnel is very low and rather 
narrow. We have not recognized chomata 
or parachomata in this form. 

All of the specimens in our collection 
may be immature, but in the outer por- 
tion of forms of nine volutions the coiling 
becomes tighter, and hence these forms 
are probably mature or sub-mature. 

Remarks —The type of genus Eover- 
beekina, E. intermedia Lee, is the only 
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other described representative of this 
genus. It can be distinguished easily from 
the form described above by its larger 
form ratio, more tightly coiled shell, 
larger number of volutions, and appar- 
ently better developed tunnel. E. cheni 
resembles very closely the axial section 
of the form from the Chihsia limestone 
of southeastern China illustrated by Lee 
as ‘‘Eoverbeekina(?) or Sphaerulina(?)” 
and later described and illustrated by 
Chen as Eoverbeekina intermedia Lee, and 
these two forms are probably conspecific. 

Occurrence.—This species occurs rather 
abundantly in a dark-gray to black, 
slightly cherty limestone near the Well- 
wood Bungalow, about one-fourth of a 
mile due east of the peak of Shin K’ai 
Shi, where it is associated with Neofusult- 
nella lantenoisi Deprat and Ozawatinella 
sp. Lee and Chen illustrated specimens 
from the Chihsia limestone of southeast- 
ern China which we are referring to this 
species. 


Genus VERBEEKINA Staff, 1909 


The genus Verbeekina was established 
by Staff (1909) as a subgenus of Doliolina 
Schellwien, but it has since been raised 
to the rank of a separate genus. Thomp- 
son (1936) has recently discussed this 
genus at some length in this Journal, as 
based on topotype material of the geno- 
type from Bukit Bessi, Sumatra, and we 
do not have any additional general in- 
formation to add to this discussion. 


VERBEEKINA GRABAUI Thompson and 
Foster, n. sp. 


Plate 23, figures 14-16 


Shell essentially spherical, slightly um- 
bilicate. Mature forms consist of thirteen 
to fourteen volutions and specimens of 
thirteen volutions measure about 4.8 
mm. in length and 4.8 mm. in width. The 
form ratio is about 1: 0.66 for the second 
volution, 1:0.88 for the fourth volution, 
and 1:1 for the sixth to the fourteenth 
volutions. The widths (in millimeters) of 
the first to the fourteenth volutions are 
about 0.127, 0.211, 0.295, 0.435, 0.749, 
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1.169, 1.679, 2.129, 2.579, 3.029, 3.479, 
3.929, 4.349, and 4.751. 

The proloculum is very small and its 
inside diameter measures about 35u. The 
shell expands very slowly for the first 
three volutions, it then expands rapidly 
and reaches a maximum in the sixth to 
the tenth volutions, and in the outer two 
to three volutions of mature individuals 
it becomes rather tightly coiled. The 
heights (in microns) of the first thirteen 
volutions are about 42, 42, 70, 157, 210, 
255, 225, 225, 225, 255, 225, 210, and 
196. The juvenarium is endothyroid, it 
has a large form ratio, and its axis of 
coiling is parallel to that of the outer 
volutions. 

The spirotheca is thin. It is composed 
of a tectum, a keriotheca, and a thin 
dense lower layer. The upper surface of 
the spirotheca is coated by dense calcite 
which apparently is extension of the 
parachomata. The keriotheca contains 
numerous dark lines which are normal to 
its surfaces and which apparently corre- 
spond to the dark lines of the alveoli of 
other fusulinids. The spirotheca (tectum 
plus the keriotheca) increases in thick- 
ness from a very thin layer in the first 
volution to 5yu in the third volution; it 
then apparently decreases in thickness 
to about 2u in the fourth, fifth, and 
sixth volutions; and it gradually in- 
creases in thickness for the remaining 
outer volutions. The thickness (in mi- 
crons) of the spirotheca for the seventh 
to the thirteenth volutions measures 
about 5, 6, 7, 8, 10, 10, and 10. 

The septa are thin and rather numer- 
ous. The septal count for the sixth to 
the twelfth volutions gives 11, 12, 15, 
20, 33, 37, and 36. The septa extend for- 
ward so as to join the spirotheca of the 
preceding volution at an angle of about 
15 degrees from normal. 

The foramina are small and essentially 
circular in cross section. They are well 
developed throughout the shell. There 
are about 8 foramina in the fourth volu- 
tion and 38 in the twelfth volution. The 
parachomata are essentially undeveloped 
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in the inner volutions and they extend 
completely across the chambers only in 
the outer two to three volutions of ma- 
ture specimens. 

Remarks.—This is one of the smallest 
species of Verbeekina so far described. It 
compares favorably in size and rate of 
expansion for the first eight volutions 
with the types of V. sphaera Ozawa from 
Nagato. However, only one incomplete 
sagittal section of a young individual 
was illustrated from Nagato by Ozawa. 
Later Ozawa (1927) illustrated, but did 
not describe in detail, numerous speci- 
mens from Akasaka as Verbeekina ver- 
beeki sphaera. Ozawa was regarding the 
variety V. verbeeki verbeeki as a mutation 
of the variety sphaera and he illustrated 
a large and a small type under the varie- 
tal name sphaera. A part of the illus- 
trated small type of specimens (Ozawa’s 
fig. 15 on his pl. 38) may possibly be con- 
specific with our specimens, but others 
of his small type from Akasaka have 
much better developed parachomata 
than V. grabaui. The spirotheca of V. 
sphaera from Nagato is thicker than that 
of V. grabaut, and from Ozawa’s compari- 
son of his form with other described 
forms, it probably is much larger at 
maturity than V. grabaut. 

Chen’s brief description of V. minor 
Chen of the Chihsia limestone of south- 
eastern China agrees closely with our 
specimens, but Chen’s description is 
based mainly on a section which is tan- 
gential to the fourth or fifth volution. 
His illustrated section apparently is of a 
specimen of about twelve volutions which 
measures about 2.4 mm. in width. This 
form then is only about one-half as large 
as our specimens of an equal number of 
volutions. Chen’s illustration and de- 
scription are not adequate for specific 
comparisons. V. minor probably is the 
smallest known representative of Ver- 
beekina. 

Occurrence.—Shells of this form are 
rather abundant in a gray, slightly cherty 
dense limestone, about 5,000 feet east of 
Shin K’ai Shi and 500 feet east of the 
Davies Bungalow, where it is associated 
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with Neoschwagerina aff. N. charticulifera 
(Schwager), Pseudodoliolina pseudolepida 
(Deprat), and Schubertella simplex Lange. 


VERBEEKINA HEIMI Thompson and 
Foster, n. sp. 
Plate 23, figures 1-3; Plate 24, figure 5; 
Plate 25, figures 5, 6 
(?) Schwagerina verbeeki CoLant, 1924, 

Indochine Service géol., Mém., vol. 11, 

fasc. 1, pp. 108-113, 147-149, pl. 15, fig. 14, 

pl. 18, figs. 2, 5, 16-21, pl. 19, figs. 1-9, 

i, 13. 

Shell large, essentially spherical. Ma- 
ture specimens consist of fifteen to six- 
teen volutions, and they are about 8 
mm. in length and 8 mm. in width. The 
form ratio is about 1: 0.36 for the second 
volution, 1:0.87 for the fifth volution, 
and 1:1 for the eighth and remaining 
outer volutions. The average widths (in 
millimeters) of the first to the sixteenth 
volutions of six typical specimens meas- 
ure 0.062, 0.126, 0.220, 0.376, 0.608, 
0.988, 1.538, 2.214, 2.978, 3.920, 4.720, 
5.484, 6.138, 6.778, 7.344, and 7.884. 

The proloculum is very small and its 
inside diameter measures 20 to 30u. The 
juvenarium is composed of four to five 
volutions, its axis of coiling is parallel 
to that of the outer volutions, and it has 
a large form ratio. The average heights 
(in microns) of the first to the sixteenth 
volution of six typical specimens are 21, 
32, 47, 78, 116, 190, 275, 338, 382, 425, 
400, 382, 327, 320, 283, and 270. 

The septa are thin. They are very 
numerous in the outer volutions of ma- 
ture specimens but they are widely 
spaced in the inner volutions. The septal 
count for the fourth to the fifteenth volu- 
tions gives 9, 6, 8, 11, 9, 10, 16, 27, 37, 
48, 50, and 56. 

The spirotheca is thin and its structure 
is typical of the genus. It increases in 
thickness rather gradually throughout 
the shell. The average thickness (in 
microns) of the spirotheca for the fourth 
to the sixteenth volution of six typical 
specimens is 7.8, 8.7, 9.5, 11.3, 12.2, 19.2, 
26.2, 36.7, 38.6, 39, 37.5, 36, and 36. 

The foramina are very low and typi- 
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cally they are very elongate elliptical in 
cross section, but some of them are short 
and circular in cross section. There are 
about 8 foramina in the fifth volution, 
3% in the eleventh volution, and 55 in 
the fourteenth volution. The paracho- 
mata are very poorly developed in this 
species and they apparently do not ex- 
tend completely across the chambers ex- 
cept in the fifteenth and sixteenth volu- 
tions. 

Remarks.—This species is somewhat 
closely similar to Verbeekina verbeeki 
(Geinitz). The general shapes of the 
shells of these two forms are very similar, 
but the spirotheca of our specimens is 
much thinner than that of V. verbeekt, 
the parachomata are not as well devel- 
oped, and the expansion of the shell is 
more rapid in V. heimi. V. heimi is 
smaller for corresponding volutions and 
it is smaller at maturity than V. pseudo- 
verbeeki (Deprat) and V. douvillet (De- 
prat). V. depratt (Yabe) is very closely 
similar to V. heimi but that species ex- 
pands more slowly than the form we 
are studying and Deprat’s illustrations 
and description of that species indicate 
that its spirotheca is much thicker than 
that of the species we are studying. V. 
heimi has a shorter shell, slightly more 
rapidly expanding shell, fewer septa, and 
more poorly developed parachomata 
than V. akasakensis Thompson. V. heimi 
is very distinct from the form described 
above as V. grabaut, n. sp. 

Occurrence.—This form occurs very 
abundantly in a light-gray dense lime- 
stone near the Foster Bungalow about 
1} miles east of Shin K’ai Shi, where it 
is associated with Sumatrina annae 
Volz ?, Staffella ? sp., Schubertella sim- 
plex Lange, and Schwagerina sp.; and 
in a light-gray, dense limestone, in the 
cliff below the Davies Bungalow about 
5,000 feet east of Shin K’ai Shi. 


Genus PSEUDODOLIOLINA Yabe 
and Hanzawa, 1932 


Schellwien (1898) established the 
genus Méllerina with Schwagerina lepida 
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Schwager as genotype. This generic 
name was preoccupied and Schellwien 
(1902) proposed the name Doliolina for 
that genus. Deprat (1914) and Ozawa 
(1927) described and illustrated forms 
from Akasaka, Japan, as D. lepida which 
appear to have spirotheca composed of 
only one compact layer. The proloculum 
of these forms is rather large, the inner- 
most volutions are roughly fusiform, 
and the shell of mature individuals js 
very elongate ellipsoidal. In 1929 Ozawa 
[see Dunbar and Henbest (1930) and 
Yabe and Hanzawa (1932)] examined 
Schwager’s types of D. lepida and found 
that their spirotheca in reality possesses 
a distinct keriotheca, as originally de- 
scribed and illustrated by Schwager. 
Primarily on the basis of this study by 
Ozawa, Yabe and Hanzawa (1932) estab- 
lished Pseudodoliolina and they referred 
to Deprat’s and a part of Ozawa’s illus- 
trated specimens from Akasaka as the 
genotype. They considered Deprat’s and 
Ozawa’s specimens conspecific and coined 
the name Pseudodoliolina ozawai for 
them. 

In proposing the name Pseudodoliolina 
ozawai, Yabe and Hanzawa referred to 
Deprat’s figures 12-14 on his plate 3, 
which Deprat labeled as Doliolina lepida 
Schwager, and to Ozawa’s figures 1 and 2 
on his plate 45 which Ozawa labeled Dolio- 
lina lepida mut. pseudolepida Deprat and 
Doliolina lepida magnae Deprat, respec- 
tively. We are not certain to which of 
Deprat’s forms Ozawa had reference, 
for, so far as we know, Deprat never used 
the term magnae as a specific or varietal 
name with Doliolina. It seems clear to 
us that Ozawa’s two illustrated sections 
are not conspecific with Deprat’s illus- 
trated form, and hence we are regarding 
Deprat’s illustrated specimens as being 
typical of P. ozawai Yabe and Hanzawa 
and are designating the specimen illus- 
trated by Deprat as figure 12 on his 
plate 3 as the holotype of that species. 
In his discussion of the fusulinids of 
Akasaka, Ozawa (1927) pointed out that 
the group of forms he was referring to 
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D. lepida became larger in the upper 
horizons of the Akasaka limestone and 
his large form figured as Doliolina lepida 
mut. pseudolepida undoubtedly came 
from this upper horizon. We are referring 
this specimen of Ozawa’s with question 
to P. pseudolepida. Ozawa’s D. lepida 
magnae may not be referable to the genus 
Pseudodoliolina. Deprat’s illustrated sec- 
tions are small and are apparently from 
the lower horizons of the Akasaka lime- 
stones, sometimes referred to as the 
Nezumi zone, as named from the quarry 
by that name, which has long been a 
famous collecting locality near Akasaka. 
It seems entirely possible that Deprat’s 
illustrated specimens were collected from 
the well-known Nezumi quarry. 

Through the kindness of Prof. H. Yabe 
we have had the opportunity to examine 
some type material of this genotype from 
the Nezumi zone at Akasaka (see pl. 24, 
figs. 9, 10) and our West China specimens 
described below as Pseudodoliolina pseu- 
dolepida clearly are congeneric with this 
genotype. A very careful study of many 
thin sections of this type material of 
P. ozawai reveals that in the inner volu- 
tions only one thin compact layer can be 
recognized but, in contrast to the obser- 
vations of several paleontologists that 
the spirotheca is composed of only a 
tectum, beyond the tenth volution the 
spirotheca clearly is composed of three 
layers—a tectum, a thin inner layer, and 
a lighter central layer which apparently 
corresponds to the keriotheca of other 
fusulinids and which contains very fine 
more or less parallel dark lines normal 
to its surfaces. This fine mesh-work ap- 
parently is homologous to the alveoli of 
the genus Verbeekina. 

Gubler (1935) has recently restudied 
Schwager’s syntypes of D. lepida and 
has re-illustrated (with excellent photo- 
graphs) a part of Schwager’s sections. 
Gubler’s study shows that the spirotheca 
of this genotype is very thin. In the inner 
volutions it appears to be composed of 
one layer but in the outer volutions it 
clearly is composed of a tectum, a kerio- 


theca, and a thin inner layer. Since 
Pseudodoliolina and Doliolina were first 
distinguished by the supposed difference 
in the structure of their spirotheca, it 
would now seem that they are exact 
synonyms. However, there are other 
marked differences between the types of 
these two genera which should be con- 
sidered. The proloculum of P. ozawai is 
rather large and the juvenarium is essen- 
tially fusiform. The proloculum of D. 
lepida is very small and the juvenarium 
is distinctly endothyroid. Some students 
contend that these two species are 
synonymous and that the two types just 
mentioned are dimorphic representatives 
of the same species. A study of others of 
the higher genera of fusulinids gives us a 
little better idea of the generic characters 
of these two general types. The juvena- 
rium of Verbeekina is very similar to that 
of the type specimens of D. lepida. We 
have studied numerous sections of repre- 
sentatives of Verbeekina from many parts 
of Asia, also many well centered sections 
of this same genus have been illustrated, 
and in every case the proloculum is 
minute and the juvenarium is decidedly 
endothyroid. With several other highly 
developed genera of the fusulinids the 
proloculum is invariably large. We have 
sectioned hundreds of specimens of the 
type material of P. ozawai and many of 
them pass through the proloculum and 
about fifteen of these are well oriented, 
and in every case the proloculum is large 
and the inner volutions are essentially 
fusiform. These several facts lead us to 
believe that Pseudodoliolina should be 
recognized, for the present at least, as a 
valid genus. 

Diagnosis of Pseudodoliolina.—Shell of 
medium size, elongate ellipsoidal. Axis of 
coiling essentially straight. Poles very 
blunt and broadly rounded—hemispheri- 
cal. Mature forms consist of fourteen to 
twenty volutions, and they are 5 to 8 
mm. in length and 2.5 to 4 mm. in width. 
The form ratio varies with different 
forms and it is 1:1.6 to 1:2.6. The inside 
diameter of the proloculum measures 100 
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to 300u. Typically the inner two to three 
volutions are fusiform and beyond the 
third volution the poles become dome- 
shaped and the central portion of the 
shell becomes subcylindrical. Septa very 
numerous. They are composed of the 
downward deflection of the spirotheca 
and they are coated on both sides with 
rather dense calcite which apparently is 
a continuation of the parachomata. The 
septa are unfluted throughout all stages. 
The basal portion of the septa is per- 
forated by numerous elliptical foramina. 
In all volutions, either side of the fora- 
mina is bordered by rather narrow para- 
chomata which are continuous from one 
septa to the next and which may reach 
to the top of the chambers just anterior 
of the septa. The spirotheca is very thin 
and in the inner ten volutions it appears 
to be composed of only one thin, rather 
compact layer. However, in the twelfth 
volution of some very thin sections of 
well preserved specimens of type mater- 
ial of the genotype, the spirotheca clearly 
is composed of a tectum, a thin inner 
layer, and a thin keriotheca with very 
fine parallel dark lines normal to its 
surfaces that probably correspond to the 
alveoli of other genera of fusulinids. The 
spirotheca of the twelfth volution of one 
of these specimens measures about 12. 
Remarks——The forms of the group 
which we are referring to Pseudodoliolina 
differ from representatives of Doliolina 
in that their spirotheca is typically 
thinner, their parachomata are higher 
and narrower, and their juvenarium is 
quite different. In Doliolina the prolocu- 
lum is very small and the innermost 
volutions are staffelloid but in Pseudodo- 
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liolina the proloculum is large and the 
innermost volutions are elongate and 
more or less fusiform. 

The genus Doliolina, as here defined, 
includes a rather wide variety of forms 
with D. claudiae and D. compressa on the 
one hand and D. lepida and D. major 
(?=D. lepida) on the other. In D. 
claudiae the spirotheca is very thick, the 
shell is small and short, and the paracho- 
mata are rather low and broad. In D. 
lepida the spirotheca is relatively thin, 
the shell is large and elongate, and the 
parachomata are narrower and higher, 
Unfortunately, D. lepida does not occupy 
an intermediate position for the genus, 
In addition to the four forms just men- 
tioned, the following forms seem to be 
referable to Doliolina: D. aliciae Deprat, 
D. ovalis Deprat, D. subelliptica Deprat, 
D. parvicostata Deprat, D. termieri De- 
prat, D. minor Deprat, D. minima Lange, 
D. termieri var. pamirensis Doutkevitch. 

The following forms seem to us to be 
congeneric with Pseudodoliolina ozawai 
and we are referring them to Pseudodo- 
liolina: Doliolina pseudolepida Deprat, 
1912, D. lepida Deprat, 1912, D. lepida 
var. lettensis Schubert, 1915, D. lepida 
Lange, 1925, and D. dunbari Gubler, 
1935. With many of these forms, such as 
Pseudodoliolina lettensis (Schubert) and P. 
pseudolepida (Deprat), the parachomata 
reach entirely to the top of the chambers 
immediately anterior of the septa and 
give the appearance of transverse sep- 
tula. Doliolina schellwient Deprat re- 
sembles in many respects these forms but 
it apparently possesses longitudinal sep- 
tula in its outer volutions and it may be 
referable to Neoschwagerina Yabe. 





EXPLANATION OF PLATE 25 


All illustrations on this plate are unretouched photographs and are magnified X10. All of 
the specimens are from the upper portion of the Yanghsin limestone on Shin K’ai Shi, Szechuan, 


China. 


Fics. 1—Schwagerina sp. Oblique sagittal section. 


(p. 134) 


2-4—Pseudodoliolina pseudolepida (Deprat). 2, Sagittal section. 3, 4, Axial sections. 


5, 6—Verbeekina heimi Thompson and Foster, n. sp. Axial sections. ) 
7, 8—Neoschwagerina aff. N. craticulifera (Schwager). 7, Portion of a parallel section. 8, 


Axial section. 
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PSEUDODOLIOLINA PSEUDOLEPIDA 
(Deprat) 
Plate 25, figures 2-4 

Doliolina pseudolepida DEPRAT, 1912, Indo- 
chine Service géol, Mém., vol. 1, fasc. 3, 
p. 46, pl. 5, figs. 6-9, pl. 6, fig. 4. 

Doliolina lepida mut. pseudolepida DEPRAT, 
1913, Indochine Service géol., Mém., vol. 2, 
fasc. 1, p.50. 

(?) Doliolina lepida Ozawa, 1927, Tokyo 
Imp. Univ., Fac. Sci., Jour., sec. 2 (Ge- 
ology), vol. 2, pt. 3, pp. 152, 153, pl. 45, 
fig. 1. 

Shell large, ellipsoidal, slightly inflated 
in the central portion. External furrows 
shallow and faint. Axis of coiling essen- 
tially straight. Poles very broadly 
rounded (hemispherical). Lateral slopes 
low and convex. The innermost volution 
has pointed poles and it is broadly fusi- 
form; the third and fourth volutions be- 
come elongate ellipsoidal; and the central 
portion of the shell becomes slightly in- 
flated in the outermost volutions of ma- 
ture individuals. Mature specimens con- 
sisted of at least eighteen volutions and 
they measure about 7.5 mm. in length 
and 4 mm. in width. The form ratio is 
about 1:1.6 for the first volution, 1:2 
for the fifth volution, 1:1.9 for the tenth 
volution, and 1:1.8 for the eighteenth 
volution. 

The septa are thin and they are coated 
on either side with deposits of dense cal- 
cite which apparently are continuations 
of the parachomata. The septal count of 
the first seven volutions is 11, 20, 20, 20, 
21, 28, and 33. The septa are unfluted 
throughout the length of the shell. 

The spirotheca is very thin in the inner 
volutions and it appears to be composed 
of one layer. In the outer volutions the 
spirotheca is composed of a tectum, a 
thin clear central layer, and a lower very 
thin dense layer. The upper surface of 
the spirotheca is coated with a more or 
less continuous layer of dense calcite 
which seems to be continuous with the 
parachomata. 

The proloculum is large and is ellip- 
soidal to spherical in shape. Its inside 
diameter measures 200 to 300u. The rate 
of expansion of the shell is rather uni- 
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form and the heights (in microns) of the 
first fifteen volutions measure about 40, 
40, 55, 70, 80, 100, 120, 120, 120, 140, 
140, 140, 155, 155, and 140. 

The basal portion of the septa is per- 
forated by numerous small elliptical 
foramina. There are about 20 foramina in 
the fifth volution, 35 in the tenth volu- 
tion, and 50 in the fourteenth volution. 
Parachomata are well developed in the 
intervening spaces between the foramina 
throughout the shell. The parachomata 
extend completely to the top of the 
chambers just anterior of the septa and 
the lateral communication is a small 
circular opening near the top and front 
of the chambers. The parachomata re- 
semble septula in some portions of axial 
sections. 

Remarks.—The specimens from the 
Mt. Omei region on which the above 
description is based are apparently con- 
specific with Deprat’s syntypes from 
Yunnan and they differ from them only 
in that their proloculum is slightly larger, 
they contain more volutions, and they 
have a few more foramina in correspond- 
ing outer volutions. Ozawa did not de- 
scribe his form from Akasaka and it is 
doubtful to us if it is referable to this 
species. 

Pseudodoliolina pseudolepida has been 
placed in synonymy with P. ozawai 
(= Doliolina lepida of authors) by sev- 
eral paleontologists. However, a direct 
comparison of the two forms brings out 
several distinct differences. The shapes 
of the shells of these two species are quite 
different and P. ozawai is smaller and 
has a smaller proloculum. 

The relationship between P. pseudo- 
lepida and the form described by Deprat 
in 1912 as Doliolina lepida from the Per- 
mian of Yunnan is not clear to us. In 
1912 Deprat pointed out that P. pseudo- 
lepida expands more slowly, has thinner 
spirotheca, and has a larger proloculum 
than his D. lepida. However, in 1913 
Deprat considered P. pseudolepida merely 
as a mutation of the form which he de- 
scribed and illustrated as D. lepida, but 
we now know that in 1913 Deprat was 
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referring several species of two genera to 
Doliolina lepida. Deprat’s illustrated D. 
lepida of 1912 is referable to Pseudodo- 
liolina, and it may be conspecific with 
P. pseudolepida. 

Occurrence.—Deprat’s original types 
came from Tou-La-Houe, Yunnan, 
where, according to Deprat, they are 
associated with ‘‘N. (Sumatrina) annae 
Volz, Schwag. douvillei n. sp., Fusulina 
exilis Schwag., F. margheritit.”’ In 1913 
Deprat reported this form from Pong- 
oua, Laos, in the same horizon with 
“Fusulina”’ gigantea Deprat and ‘ Fusu- 
lina”’ crassa Deprat. Ozawa illustrated a 
form from the Permian limestone (pre- 
sumably from the upper part of the lime- 
stone) of Akasaka, Japan, which may be 
referable to this species. The specimens 
described above came from a medium- 
gray, slightly cherty limestone, about 
5,000 feet east of Shin K’ai Shi and 500 
feet east of the Davies Bungalow, where 
it is associated with Neoschwagerina aff. 
N. craticulifera (Schwager), Schubertella 
simplex Lange, and Verbeekina grabaut, 
n. sp. 


Subfamily NEOSCHWAGERININAE 
Dunbar and Condra 


Genus NEOSCHWAGERINA 
Yabe, 1903 


NEOSCHWAGERINA sp. aff. N. CRATICULIFERA 
(Schwager) 
Plate 25, figures 7, 8 


We have only two specimens of this 
form among our collections. Neither of 
these specimens is well-centered and 
neither of them is complete. However, 
the preservation of the internal struc- 
tures is very good and most of the spe- 
cific characters can be determined. Sev- 
eral of the observable characters of the 
specimens before us differ from those of 
the description and illustrations of the 
syntypes of N. craticulifera, but since a 
specific description based on our speci- 
mens would be incomplete, we hesitate 
to make them the types of a new species. 


The following brief description is baseq 
entirely on our specimens. 

Shell of medium size, short, obese, 
Poles narrowly rounded. Lateral slopes 
rather steep and convex. Our axial sec. 
tion of nineteen volutions measures 4,8 
mm. in length and 3.7 mm. in width. The 
form ratio is about 1:1.1 for the third 
volution and it is about 1:1.3 for the 
fifth to the nineteenth volution. The 
spirotheca is thin and it is composed of a 
tectum and a keriotheca with fine alve- 
oli. The keriotheca extends downward at 
rather regular intervals to form pendant- 
like longitudinal as well as transverse 
septula and the alveoli continue almost to 
the base of the septula. In the fifteenth 
to the nineteenth volutions there are low 
longitudinal septula between each pair 
of primary septa. Transverse septula ex- 
tend down in the space between each pair 
of foramina and they are connected with 
the parachomata almost completely 
across the chambers. 

The septa are rather thick and they 
are composed of the tectum and exten- 
sions of the keriotheca of the spirotheca 
down both sides of the tectum. The 
septa are rather widely spaced and there 
are about 28 in the fifteenth volution. 

The proloculum is very minute and it 
measures about 30u in diameter. The 
inner volutions are very tightly coiled 
and the increase in the height of the 
chambers is very gradual. The foramina 
are small and they are circular in cross 
section. There are about 10 foramina in 
the fifth volution, 20 in the tenth volu- 
tion, 30 in the fifteenth volution, and 38 
in the nineteenth volution. The paracho- 
mata are rather well developed through- 
out the shell. 

Remarks.—The specimens described 
above apparently are slightly more obese 
than the types of N. craticulifera but our 
axial section is slightly oblique. Also, 
our largest specimen contains more volu- 
tions and is slightly larger than the meas- 
urements given for the types of that 
species. However, these two forms are 
undoubtedly very closely related. 

Occurrence-—Our specimens of this 
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form came from a medium-gray, slightly 
cherty limestone, about 1 mile east of 
Shin K’ai Shi and 500 feet east of the 
Davies Bungalow, where it is associated 
with Pseudodoliolina pseudolepida (De- 
prat), Schubertella simplex Lange, and 
Verbeekina grabaut, n. sp. 


Genus SUMATRINA Volz, 1904 


SUMATRINA ANNAE Volz ? 
Plate 23, figure 13 

Sumatrina annae Voz, 1904, Geol. palae-+ 
ont., Abh., N. F., Band 6 (der ganzen Reihe 
Bd. 10), Heft 2, pp. 98-100, text-figs. 27- 
31.—DovuviLL£, 1906, Soc. géol. France, 
Bull., sér. 4, tome 6, pp. 582, 583, text- 
figs. 7-10.—(?) Ozawa, 1925, Tokyo Imp. 
Univ., Coll. Sci., Jour., vol. 45, art. 4, pl. 1, 
fig. 10a; 1925, Tokyo Imp. Univ., Coll. 
Sci., Jour., vol. 45, art. 6, p. 64, pl. 1, figs. 
1b, 2b; pl. 10, fig. 8; 1927, Tokyo Imp. 
Univ., Fac. Sci., Jour., sec. 2 (Geology), vol. 
2, pt. 3, p. 161.— ? Cuaput, 1932, Acad. 
sci. Paris, Comptes rendus, tome 194, pp. 
1592, 1593. 

Neoschwagerina annae ? YABE, 1906, Tokyo 
Imp. Univ., Coll. Sci., Jour., vol. 21, art. 5, 
pl. 2, fig. 4.— ? HAYDEN, 1909, India Geol. 
Survey, Records, vol. 38, pp. 250, 251, pl. 
22, figs. 8-14. 

Neoschwagerina (Sumatrina) annae DEPRAT, 
1912, Indochine Service géol., Mém., vol. 1, 
fasc. 3, pp. 56, 57, pl. 5, figs. 1, 3-5. 


We have discovered only one section 
of the genus Sumatrina among our collec- 
tions from western China. This is a 
slightly tangential section of an incom- 
pletely preserved specimen of about six 
volutions. Although the preservation of 
this specimen is such that a specific de- 
termination cannot be made with cer- 
tainty, the presence of this highly spe- 
cialized genus in the Mt. Omei region is 
of considerable stratigraphic significance. 
Sumatrina is very widespread in southern 
Europe and southern Asia and it is al- 
most invariably associated with Middle 
and Upper Permian fusulinid genera 
such as those found in the same specimen 
of limestone with our specimen of Suma- 
trina from near Mt. Omei. So far as 
known, Sumatrina does not occur in 
strata older than Middle Permian, as the 
Permian is generally defined. 

Our specimen is not well enough pre- 
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served to determine its specific affinities 
with certainty, but it resembles in many 
respects the types of S. annae from 
Sumatra and we are referring it to that 
species with question. The following 
brief description is based entirely on our 
figured specimen. 

Shell small, elongate fusiform. Poles 
rather sharply pointed. Axis of coiling 
straight. Specimen of six volutions meas- 
ures 5 mm. in length and about 1.5 mm. 
in width. The form ratio is about 1:3.3. 
The development of the primary and 
secondary septula is typical of the genus 
and in the sixth volution there are four 
secondary transverse septula for each 
primary transverse septula. Heavy de- 
posits of dense calcite tend to fill the 
axial region and extend out on the upper 
side of the spirotheca toward the center 
of the shell. 

Remarks—Many of the references 
listed in the above synonymy probably 
do not deal with specimens conspecific 
with Volz’s type specimens from Suma- 
tra, but since in many cases the illustra- 
tions and descriptions do not permit de- 
tailed specific comparisons, we are tenta- 
tively leaving them as originally referred 
to this species. Most of the forms re- 
ferred to this species by Ozawa from 
Japan and the form referred to it by 
Hayden from Afghanistan seem to us to 
be shorter and more highly inflated than 
Volz’s types. Also, Chaput did not de- 
scribe or illustrate his specimens from 
Asia Minor. 

Occurrence.—The syntypes of this spe- 
cies came from Bukit Bessi, Sumatra, 
where they were associated with Ver- 
beekina verbeeki (Geinitz) and Parafusu- 
lina ? granum-avenae (Roemer). Ozawa 
and Yabe have described specimens from 
Japan which may be conspecific. Hayden 
referred a form to this species from Af- 
ghanistan, and Chaput referred a form 
to it from Asia Minor where it is associ- 
ated with ‘“Verbeekina verbeeki.”” Our 
specimen came from a light-gray, dense 
limestone, about 1} miles east of Shin 
K’ai Shi near the Foster Bungalow, 
where it is associated with Staffella ? 
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sp., Schubertella simplex Lange, Schwa- 
gerina sp., and Verbeekina heimi, n. sp. 
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ABSTRACT 


The shell structure of the ostracode genus Cytheridea is described. Twelve new species and 
five new varieties belonging to this genus are also described. A new subgenus, Leptocytheridea, 
is erected to receive several of the species. These microfossils come from beds of the Jackson 
(Eocene), Red Bluff (Oligocene), and the lower and upper Chickasawhay members of the 


Catahoula (Miocene) of the Gulf Coast. 





Published works on the Ostracoda 
of Middle Tertiary beds of the Gulf 
Coast have appeared at intervals 
during the past two years, adding 
several excellent detailed reports to 
the literature. These include a study 
of the microfaunal assemblage of the 
Chickasawhay (Miocene) by Howe 
(1934, pp. 24, 25, pl. 1, and ostra- 
code correlation chart) in which six 
species of Cytheridea were listed but 
not described, and their ranges noted; 
a bulletin on the Ostracoda of the 
Jackson (Eocene) of Louisiana by 
Howe and Chambers (1935), con- 
taining descriptions of six species of 
Cytheridea; and a contribution by 
Howe and Law (1936) on ostracodes 
of the Vicksburg group of Louisiana, 
in which I described four species of 
Cytheridea. 

The paper here presented contains 
descriptions of species of Cytheridea, 
ranging in age through the Jackson 
group (Eocene), the Red Bluff (Oli- 
gocene), and the lower and upper 
Chickasawhay members of the Cata- 
houla formation (Miocene). A num- 
ber of species, heretofore unde- 
scribed in the Louisiana bulletins be- 
cause of their absence in samples 


from that state, are here included 
from Jackson localities in Mississippi. 
The material from Loc. 1, on Town 
Creek near Jackson, Miss., proved 
very fossiliferous, and yielded several 
new Jackson species. This sample 
represents beds of the basal Moody’s 
Branch marl, or an immediately 
underlying horizon near the contact 
with the Claiborne, and it carries 
several species observed elsewhere 
by me only in material from the 
transition zone below the Moody’s 
Branch marl on Garland Creek, 
Clarke County, Miss. A single station 
in the Red Bluff, at Hiwannee, Miss., 
was chosen from a number of samples 
because of its larger faunal content. 
Specimens of Cytheridea are very rare 
in the Red Bluff, and represent only 
a very few species, including occa- 
sional specimens of reworked material 
from the underlying Jackson. The 
genus Eucythere is much more com- 
mon, and it seems probable that here, 
as Howe (1936, p. 143) has observed 
in the Byram marl (Oligocene), this 
genus has largely replaced Cytheridea. 
The faunal break at the top of the 
Vicksburg is pronounced, with only 
one of the Oligocene species ranging 
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OSTRACODA OF THE GENUS CYTHERIDEA 


into the Chickasawhay. The upper 
Chickasawhay carries a larger rep- 
resentation of Cytheridea than the 
lower member, three species being 
restricted to the upper Chickasaw- 
hay. 

A detailed study of the Tertiary 
species here presented has revealed 
the existence of a group within the 
genus Cytheridea which is distinct 
from the genotype, C. miillert (Miin- 
ster), of the European subgenus 
Cytheridea. The group is likewise 
readily separable from the two sub- 
genera [Haplocytheridea and Clithro- 
cytheridea, previously established by 
me to include a number of species in 
the American Tertiary. Therefore it 
seems necessary to erect a new sub- 
genus, Leptocytheridea, to which four 
of the new species and one new 
variety here described are assigned. 


SYSTEMATIC 


Family CYTHERIDAE 
Baird, 1850 


Genus CYTHERIDEA 
Bosquet, 1852 
Subgenus HAPLOCYTHERIDEA 
Stephenson, 1936 


CYTHERIDEA (HAPLOCYTHERIDEA) 
BLANPIEDI Stephenson 
Plate 26, figure 10 


Cytheridea sp. 3, Howe, 1934, Guide Book, 
Eleventh Annual Field Trip of Shreveport 
Geol. Soc. 

Cytheridea blanpiedi STEPHENSON (Ms.), 1936, 
Louisiana Dept. Cons., Geol. Bull. 7, p. 31, 
pl. 2, fig. 15. 

Cytheridea (Haplocytheridea) blanpiedi StEPH- 
ENSON, 1936, Jour. Paleontology, vol. 10, 
pp. 701, 702, pl. 94, figs. 11, 12; text-figs. 
le, f, m, n. 


This species was recorded by me from 
the Bryam marl (Oligocene) of Alabama. 
The present study of the species has 
shown it to range from the older Red 
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The small, delicate species embraced 
within the new subgenus are more 
limited in number than those of the 
other two subgenera. 


Through the courtesy of Dr. Henry V. 
Howe, Director of the School of Geology, 
Louisiana State University, I have had 
access to the original samples upon 
which the Chickasawhay report was 
based, as well as numerous other samples 
from the Gulf Coast Tertiary. My thanks 
are extended to Doctor Howe for his 
willing coédperation in furnishing samples, 
for helpful suggestions while the study 
was in progress, and for criticism of the 
completed manuscript. 

The type specimens upon which this 
report is based have been deposited in 
the Henry V. Howe collection, Louisiana 
State University, Baton Rouge, Louisi- 
ana. The localities from which specimens 
were obtained are described at the end 
of the paper. 

All illustrations were drawn by the 
author. 


DESCRIPTIONS 


Bluff through the lower and upper 
Chickasawhay members of the Cata- 
houla, at Locs. 7 to 11. The figured speci- 
men is from the lower Chickasawhay. 

Length 0.75 mm.; height 0.46 mm.; 
width 0.36 mm. 

Type.—Hypotype, H. V. Howe Coll., 
No. 1504, from Loc. 7. 


CYTHERIDEA (HAPLOCYTHERIDEA) CHAMBERSI 
Stephenson, n. sp. 
Piate 26, figure 2; text-figures 13, 22 


Carapace small, tumid, rather heavy; 
in side view subovate, with the left 
valve higher and more rounded than the 
right. Dorsal margin gently arched in the 
left valve, ventral margin somewhat 
convex; anterior and posterior ends well 
rounded, the latter slightly narrower. 
Right valve lower, sloping to the some- 
what rounded postero-ventral angle. 
Surface entirely smooth. Hinge in the 
right valve with notched, terminal dental 
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areas, between which is a row of fine 
crenulations. In the left valve, hinge con- 
sisting of corresponding notched sockets, 
with a shallow, crenulate furrow joining 
them, terminated below by a slender 
bar, and above by the low, rounded dor- 
sal margin. Marginal area broad on the 
anterior, with the line of concrescence 
about midway between inner and outer 
margins. About 30 radial pore canals are 
present on the anterior. The muscle 
scar pattern consists of a vertical row of 
four small scars, with two more in front 
of them, the lower of which is elongate 
and oblique, the upper larger and cres- 
cent shaped (text-fig. 22). 

Length (left valve) 0.62 mm.; height 
0.35 mm. 

This species is named in honor of Mr. 
Jack Chambers, of Houston, Tex., 
junior author of Louisiana Jackson Eo- 
cene Ostracoda. 

Occurrence.—C. (Ha plocytheridea) 
chambersi is present in my collections 
only from the basal portion of the 





MORTON B. STEPHENSON 


Moody’s Branch marl of the Jackson 
Eocene. It is described from Loc. 1, but 
I also have specimens from the transition 
zone below the Moody’s Branch marl at 
Garland Creek, Clarke County, Miss. 

Types.—Syntypes, H. V. Howe coll., 
nos. 1482, 1483. 


CYTHERIDEA (HAPLOCYTHERIDEA) CHAMBERS] 
Stephenson var. GRANULOSA 
Stephenson, n. var. 


This variety differs from the typical 
form only in the very fine, closely spaced 
pits, which are visible over the entire 
exterior of the carapace, giving the sur- 
face a somewhat granular appearance 
under higher magnifications. 

Length (left valve) 0.58 mm.; height 
0.35 mm. 

Occurrence.—The variety occurs with 
the typical species in the basal Jackson 
Eocene at Loc. 1, from which it is de- 
scribed. 

Types.—Syntypes, H. V. Howe coll., 
nos. 1484, 1485. 





EXPLANATION OF TEXT-FIGURES 1-27 


(All figures X75, unless otherwise indicated) 


Fics. 1, 2, 9, 10, 11, 21—Cytheridea (Haplocytheridea) watervalleyensis Stephenson, n. sp. J; 
Hinge of right valve. 2, Hinge of left valve. 9, Muscle scar pattern of left valve, X 150. 
10, 11, Posterior and anterior marginal areas, showing radial pore canals. 2/, 


Dorsal view, X45. 


(p. 153) 


3, 4, 7, 15, 16, 27—Cytheridea (Clithrocytheridea) howei Stephenson, n. sp. 3, Hinge of 
right valve. 4, Hinge of left valve. 7, Muscle scar pattern of a right valve, X150. 


15, 16, Posterior and anterior marginal areas. 27, Dorsal view, X45. 


(p. 155) 


5, 6—Cytheridea (Leptocytheridea) fragillissima Stephenson, n. sp. 5, Hinge of left valve. 


6, Hinge of right valve. 


8—Cytheridea (Haplocytheridea) hazzardi Stephenson, n. sp. Dorsal view, X45. 


(p. 157) 
(p. 151) 


12, 24—Cytheridea (Haplocytheridea) danvillensis Stephenson, n. sp. 12, Dorsal view of 
left and right valves, showing articulation of hinge, X60. 24, Anterior marginal area 


of right valve. 


(p. 148) 





13, 22—Cytheridea (Haplocytheridea) chambersi Stephenson, n. sp. 13, Anterior marginal 
area of left valve. 22, Muscle scar pattern of left valve, 150. (p. 147) 
14—Cytheridea (Leptocytheridea) wailesi Stephenson, n. sp. Marginal area of = vas 
p. 

17, 18—Cytheridea (Haplocytheridea) hiwanneensis Stephenson, n. sp. Anterior and 
sterior marginal areas of right valve. (p. 151) 
19—Cytheridea (Clithrocytheridea) grigsbyi Howe and Chambers. Pitting pattern on ex- 
terior of carapace. (p. 155) 
20—Cytheridea (Clithrocytheridea) grigsbyi Howe and Chambers var. jacksonensis 
Stephenson, n. var. Pitting pattern on exterior of carapace. (p. 155) 
23—Cytheridea (Clithrocytheridea) shubutensis Stephenson, n. sp. Dorsal view of left 
and right valves, showing articulation of hinge, X60. (p. 156) 

25, 26—Cytheridea (Haplocytheridea) ouachitensis Stephenson, n. sp. 25, Anterior 
marginal area of right valve. 26, Dorsal view, X45. (p. 153) 
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CYTHERIDEA (HAPLOCYTHERIDEA) 
DANVILLENSIs Stephenson, n. sp. 
Plate 26, figure 7; Text-figures 12, 24 

Carapace in side view subpyriform, 
highest slightly anterior to the middle. 
Dorsal margin gently arched, flattened 
along the hinge line; ventral margin con- 
vex in the left valve, nearly straight in 
the right valve. Anterior end broadly 
and evenly rounded, often bearing sev- 
eral short, blunt spines; posterior sloping 
steeply to the rounded postero-ventral 
angle, which usually carries several simi- 
lar spines on the right valve. Entire sur- 
face closely and evenly covered with pits 
of moderate size, the pitting being most 
prominent on the inflated portion of the 
carapace. A slightly intrenched sulcus is 
often visible, extending from the median 
dorsal portion of the shell obliquely to- 
ward the ventral and anterior; one or 
more additional parallel furrows may 
also be slightly developed. Hinge in the 
right valve composed of elongate, 
strongly notched dentitions, with a pro- 
jecting line of fine crenulations between 
them, which is separated from the dorsal 
margin by a narrow, well incised line. 
In the left valve, hinge with-well in- 
trenched, notched, terminal sockets, 
which are continuous with a crenulate, 
connecting groove. The groove is shallow 
in the central portion of the hinge, where 
there is a slight bar above it, which is in 
turn separated from the dorsal margin 
by a faintly incised line. Marginal areas 
of moderate width, with the line of con- 
crescence coinciding with the inner mar- 
gin throughout. Radial pore canals 
slightly wavy, somewhat irregularly 
spaced, about thirty in number on the 
anterior. Muscle scar pattern typical for 
the genus. 

Length 0.81 mm.; height 0.50 mm.; 
width 0.37 mm. 

Remarks.—C. (H.) danvillensis bears a 
strong outward resemblance to C. (H.) 
blanpiedi (pl. 26, fig. 10), an Oligocene 
species. The new species is distinct in its 
surface sculpture, the pits being smaller, 
more closely spaced, and covering the 
entire surface of the carapace, while C. 
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(H.) blanpiedi becomes smooth on the 
posterior slope, and the noticeable ab- 
sence of pits extends around the entire 
peripheral area. The new Eocene species 
has about 30 radial pore canals on the 
anterior, while the Oligocene form has 
about 40 canals. 

Occurrence.—Lower bed, Jackson Eo- 
cene, at Danville Landing, Loc. 4. 

Types.—Holotype, H. V. Howe coll., 
no. 1488; paratypes, nos. 1489, 1490. 


CYTHERIDEA (HAPLOCYTHERIDEA) EHLERS! 
Howe and Stephenson 
Plate 26, figure 6 
Cytheridea ehlersi HowE and STEPHENSON 

(part), 1935, Louisiana Dept. Cons., Geol. 

Bull. 5, pp. 12, 13, pl. 1, fig. 10; pl. 2, figs. 

16, 21; mot pl. 2, fig. 19. 

This species is here re-figured for sub- 
generic assignment. The hinge structure 
is typical for the subgenus Haplocy- 
theridea, and as originally described con- 
sists in the right valve of 
a prominent, crenulated area at each cardinal 
angle, between which the dorsal margin is 
faintly crenulate. The hinge of the left valve 
consists of deep, pitted sockets at the cardinal 
angles connected by a fairly deep, crenulate 
groove. This groove is flanked above by a well- 
defined ridge, which in turn is separated from 
the dorsal margin by a broad depressed area. 


Muscle scar pattern typical for the genus. 

The original figure of this pattern 
(Howe and Stephenson, 1935, pl. 2, fig. 
19) was drawn from paratype no. 1123, 
H. V. Howe coll., which specimen is 
here referred to C. (H.) ouachitensis, n. 
sp 


Length 0.77 mm.; height 0.44 mm.; 
width 0.35 mm. 
Occurrence-—Upper bed, Jackson Eo- 
cene, at Loc. 5, Danville Landing, La. 
Types.—Hypotypes, H. V. Howe coll., 
nos. 1491-1493. 


CYTHERIDEA (HAPLOCYTHERIDEA) HADLEYI 
Stephenson, n. sp. 
Plate 26, figure 16 


Carapace small, tumid, in side view 
subpyriform; left valve much higher than 
the right. Dorsal margin gently arched, 
ventral margin nearly straight. Anterior 





OSTRACODA OF THE GENUS CYTHERIDEA 


end broadly rounded, posterior end more 
narrowly rounded in the left valve, gently 
tapering to the rounded postero-ventral 
angle in the right valve. Entire surface 
covered with fairly numerous, shallow 
pits of moderate size, the area between 
them being very finely pitted, giving the 
carapace a somewhat granular appear- 
ance under high magnifications. Hinge in 
the right valve possesses elongate denti- 
tions, faintly notched to form about five 
cusps, with a line of very fine crenula- 
tions between them. Hinge in the left 
valve with corresponding terminal sock- 
ets, connected by a faintly incised, 
crenulate groove. Marginal area fairly 
broad, especially on the anterior, show- 
ing numerous simple radial pore canals. 
Muscle scars six in number, four in a 
vertical row, the uppermost of which is 
somewhat removed, and two elongate, 
oblique scars anterior to them, all of 
which are usually distinguishable from 
the exterior. 

Length (right valve) 0.63 mm.; height 
0.31 mm. 

Named in honor of Mr. Wade H. 
Hadley, Jr., of Ft. Worth, Tex., student 
of the Jackson beds, who collected fossils 
from Loc. 1 with me. 

Occurrence.—This species, like C. (#.) 
chambersi, has been observed by me 
only in the basal portion of the Moody’s 
Branch marl of the Jackson Eocene. 
Figured specimens are from Loc. 1. I 
also have specimens from the transition 
zone below the Moody’s Branch marl 
at Garland Creek, Clarke County, Miss. 

Types.—Syntypes, H. V. Howe coll., 
nos. 1486, 1487. 


CYTHERIDEA (HAPLOCYTHERIDEA) HAZZARDI 
Stephenson, n. sp. 
Plate 26, figure 15; Text-figure 8 
Cytheridea sp. 6, Howe, 1934, Guide Book, 


Eleventh Annual Field Trip of Shreveport 
Geol. Soc., pl. 1, figs. 15, 16. 


Carapace heavy, tumid, in side view 
subovate, anterior cardinal angle slightly 
higher than the posterior. Anterior end 
broadly rounded, passing in a smooth 
curve into the subparallel dorsal and 
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ventral margins. Posterior end well 
rounded, somewhat narrower than the 
anterior, and very strongly inflated. A 
vertical median depression of variable 
extent and shape extends obliquely from 
a point near the dorsal margin to the 
center of the carapace. Entire surface 
covered with large, deep pits, which are 
set in several curvilinear furrows on the 
anterior and ventral sides, nearly parallel 
to the periphery of the valve. Hinge in 
the right valve composed of terminal 
dentitions divided into about five cusps, 
joined by a narrow, notched bar. In the 
left valve, hinge with corresponding 
notched sockets, with a crenulate groove 
between and continuous with them. Mar- 
ginal area of moderate width, with the 
line of concrescence coinciding with the 
inner margin throughout. About 35 
simple radial pore canals are present on 
the anterior. Muscle scar pattern a verti- 
cal row of four small scars, with two more 
elongate, oblique scars anterior to them. 

Length 0.86 mm.; height 0.49 mm.; 
width 0.49 mm. 

Remarks.—This species is confined to 
the upper Chickasawhay member of the 
Catahoula formation, in which it is fairly 
common. It is readily distinguished from 
C. (H.) blanpiedi of the Chickasawhay 
and Vicksburg, by its higher, more 
broadly rounded, strongly inflated pos- 
terior end. The holotype (pl. 26, fig. 15), 
is somewhat more strongly sculptured 
than the average specimen. Named in 
honor of Roy T. Hazzard, Gulf Refining 
Company of Louisiana, for his field stud- 
ies of the Chickasawhay. 

Occurrence.—Upper Chickasawhay 
member of the Catahoula formation, 
Wayne County, Mississippi, Locs. 7-9. 

Types.—Holotype, H. V. Howe coll., 
no. 1501; paratypes, nos. 1502, 1503; 
all from Loc. 9. 


CYTHERIDEA (HAPLOCYTHERIDEA) 
HIWANNEENSISs Stephenson, n. sp. 
Plate 26, figure 18; Text-figures 17, 18 


Carapace tumid, in side view elongate, 
subpyriform, highest slightly anterior to 
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the middle. Anterior end well rounded, 
usually bearing several short, blunt 
spines. Posterior end somewhat com- 
pressed, sloping to the pointed postero- 
ventral angle. Dorsal margin fairly well 
arched, flattened along the hinge line, 
and sloping toward the posterior. Ventral 
margin nearly straight to the postero- 
ventral angle. Surface smooth, showing 
very minute pitting under high magnifi- 
cation. A few moderate-sized pits are 
usually developed somewhat anterior to 
the middle, which may be arranged in 
several short, curvilinear furrows visible 
in the anterior half of the carapace. 
Hinge in the right valve consists of elon- 
gate, faintly notched dental areas, con- 
nected by a somewhat lower bar which 
is separated from the dorsal margin by a 
well incised line. In the left valve, hinge 
with a crenulate groove which broadens 
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to form the notched terminal sockets, 
above which the dorsal margin extends 
as a low bar. Marginal area of moderate 
width, with the line of concrescence 
slightly inside the inner margin on the 
anterior. Radial pore canals few in num- 
ber, about 10 to 15 on the anterior, 
sometimes completely absent on the pos- 
terior. 

Length (right valve) 0.66 mm.; 
0.37 mm. 

Remarks.—This species, which appears 
to be confined to the Red Bluff, shows 
decided affinities to C. (H.) montgomery- 
ensis Howe and Chambers, from the 
Jackson, and is apparently derived from 
this species. The furrows are shorter than 
in the Jackson species and weakly de- 
veloped or entirely absent, and there isa 
considerable reduction in the number of 
radial pore canals. 


height 





EXPLANATION OF PLATE 26 
All figures X50 
Fics. 1—Cytheridea (Clithrocytheridea) shubutensis Stephenson, n. sp. Lateral view of right 


valve. 


(p. 156) 


2—Cytheridea (Haplocytheridea) chambersi Stephenson, n. sp. Lateral view of left valve. 


(p. 147) 


3—Cytheridea (Haplocytheridea) watervalleyensis Stephenson, n. sp. Right valve. 


(p. 153) 


4—Cytheridea (Haplocytheridea) ouachitensis Stephenson, n. sp. Right valve. 


(p. 153) 


5—Cytheridea (Leptocytheridea) kellumi Howe and Stephenson. Lateral view of right 


valve. 


(p. 157) 


6—Cytheridea (Haplocytheridea) ehlersi Howe and Stephenson. Right valve view. (p. 150) 
7—Cytheridea (Haplocytheridea) danvillensis Stephenson, n. sp. Right valve. 


(p. 148) 


8—Cytheridea (Leptocytheridea) waynensis Stephenson, n. sp. Lateral view of right valve. 


9—Cytheridea (Clithrocytheridea) howei Stephenson, n. sp. Right valve. 
10—Cytheridea (Haplocytheridea) blanpiedi Stephenson. Right valve. 


(p. 158) 
(p. 155) 
(p. 147) 


11—Cytheridea (Leptocytheridea) wailesi Stephenson, n. sp. Lateral view of left valve. 


(p. 158) 


12—Cytheridea (Clithrocytheridea) grigsbyi Howe and Chambers var. chickasawhayana 


Stephenson, n. var. Right valve. 


(p. 154) 


13—Cytheridea (Clithrocytheridea) caldwellensis Howe and Chambers. Lateral view of 


left valve. 


p. 154) 


14—Cytheridea (Leptocytheridea) fragillissima Stephenson, n. sp. Lateral view of right 


valve. 


15—Cytheridea (Haplocytheridea) hazzardi Stephenson, n. sp. Right valve. 


(p. 157) 
(p. 151) 


16—Cytheridea (Haplocytheridea) hadleyi Stephenson, n. sp. Lateral view of right valve. 


(p. 150) 


17—Cytheridea (Leptocytheridea) mcguirti Stephenson var. mississippiensis Stephenson, 


n. var. Lateral view of left valve. 


p. 158) 


18—Cytheridea (Haplocytheridea) hiwanneensis Stephenson, n. sp. Lateral view of right 


valve. 


(p. 151) 
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Occurrence.—Red Bluff, Oligocene, at 
Hiwannee, Miss. It is rare at Loc. 6, 
from which station it is described. 

Types.—Holotype, H. V. Howe coll., 
no. 1519; paratype, no. 1520. 


CYTHERIDEA (HAPLOCYTHERIDEA) 
MONTGOMERYENSIS Howe and 
Chambers 


Cytheridea montgomeryensis HOWE and CHAM- 
BERS, 1935, Louisiana Dept. Cons., Geol. 
Bull. 5, pp. 17, 18, pl. 1, fig. 1; pl. 2, figs. 
1-3, 7, 9; pl. 6, figs. 17, 18. 

Cytheridea (Haplocytheridea montgomeryensis 
STEPHENSON, 1936, Jour. Paleontology, vol. 
10, pp. 700, 701, pl. 94, fig. 9; text-figs. 1g, 
h, j, R. 

In the collections which I have had 
available for study, C. (1.) montgomery- 
ensis has been plentiful from nearly all 
middle and lower Jackson localities. It 
has not been found, however, in any 
sample carrying Massilina pratti, and 
does not appear to be present in that 
zone of the Jackson in central Missis- 
sippi, across Louisiana to Texas, where 
it appears to be replaced by C. (/.) 


danvillensis, C. (H.) ehlersi, and C. (H.) 


ouachitensis. Throughout this region, 
these three species likewise have not been 
found to extend down into the portion of 
the column occupied by C. (H.) mont- 
gomeryensis. In eastern Mississippi, how- 
ever, in beds immediately underlying the 
Red Bluff, Oligocene, which carry the 
foraminiferal fauna described by Cush- 
man as the ‘‘Cocoa sand’’ assemblage, 
what appears to be C. (H.) montgomery- 
ensis occurs abundantly with C. (//.) 
ehlersti and C. (H.) ouachitensis. The 
specimens at this locality are somewhat 
more coarsely pitted and more strongly 
spinose than is customary in the lower 
Jackson, but I do not feel safe in suggest- 
ing that they possess even varietal differ- 
ence. The range of the species, therefore, 
apparently must be throughout all of 
Jackson time, even though it has not 
been found in upper Jackson samples 
from the center of the Mississippi em- 
bayment. 
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CYTHERIDEA (HAPLOCYTHERIDEA) OUA- 
CHITENSIs Stephenson, n. sp. 


Plate 26, figure 4; Text-figures 25, 26 


Cytheridea ehlersi Howe and STEPHENSON 
(part), 1935, Louisiana Dept. Cons., Geol. 
Bull. 5, pp. 12, 13, pl. 2, fig. 19; mot pl. 1, 
fig. 10; pl. 2, figs. 16, 21. 


Carapace in side view subpyriform; 
males somewhat more elongate and less 
inflated posteriorly. Dorsal margin 
gently arched, highest at the anterior 
one-third the shell length; ventral mar- 
gin slightly convex. Anterior end broadly 
and evenly rounded; posterior end slop- 
ing steeply to the well rounded postero- 
ventral angle. Several very short, blunt 
spines are sometimes visible on the ven- 
tral half of the anterior end, and similar 
spines may occur at the postero-ventral 
angle. Surface smooth, except for four to 
six irregular vertical furrows in the cen- 
tral portion of the dorsal half of the 
carapace. The furrows are readily dis- 
tinguishable on most specimens, and 
sometimes show a tendency to be pitted; 
occasionally the entire carapace is almost 
smooth. Hinge in the right valve pos- 
sesses slightly notched, terminal dental 
areas, which merge with a slender con- 
necting bar. In the left valve, hinge with 
elongate, notched sockets, with a very 
slender, faintly crenulate groove between 
them, which lies immediately below the 
projecting edge of the dorsal margin. 
Marginalarea of moderate width, with the 
line of concrescence somewhat inside the 
inner margin on the anterior. About 30 
radial pore canals are present on the an- 
terior, which are simple, somewhat wavy, 
and irregularly disposed. Muscle scar 
pattern typical for the genus. 

Length 0.72 mm.; height 0.41mm.; 
width 0.32 mm. 

Remarks.—This species was not origi- 
nally differentiated from C. (H.) ehlersi 
Howe and Stephenson, with which it 
occurs at the type locality. The vertical 
furrows and absence of pronounced pit- 
ting readily distinguish it from C. (//.) 
ehlerst. 
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Occurrence.—I have observed this new 
species only in Jackson Eocene material 
from the upper and lower beds at Dan- 
ville Landing on the Ouachita River, 
Louisiana. 

Types.—Holotype, H. V. Howe coll., 
no. 1479; paratypes, nos. 1480, 1481; 
from the upper bed at Loc. 4. 


CYTHERIDEA (HAPLOCYTHERIDEA) WATER- 
VALLEYENSIS Stephenson, n. sp. 
Plate 26, figure 3; Text-figures 
1, 2, 9-11, 21 


Carapace tumid, in side view ovate, 
with the greatest height at about the 
middle. Dorsal margin gently arched, 
passing in a smooth curve into the well 
rounded anterior and posterior ends; pos- 
terior end somewhat narrower than the 
anterior. Ventral margin nearly straight 
in the right valve, convex in the left. En- 
tire surface smooth, showing fairly 
numerous normal pore canals. Hinge in 
the right valve consists of dental areas 
notched into about six cusps, which are 
joined by a lower line of fine crenula- 
tions. In the left valve, hinge with strong, 
deeply notched sockets, connected by a 
shallow, crenulate groove, above which 
the dorsal margin extends as‘a low bar. 
Marginal area fairly broad on the an- 
terior, broken by a sharp-edged shelf, 
outside of which the marginal area of the 
shell to the periphery is lower. The line 
of concrescence coincides with the inner 
margin except on the anterior, where it 
swings out abruptly into the marginal 
area to a point nearly midway between 
inner and outer margins (text-fig. 11). 
About 20 simple radial pore canals are 
present on the anterior. The ventral 
margin of the left valve is thickened, and 
strongly overlaps the right valve. The 
interior of the carapace wall is thick- 
ened, forming shallow anterior and pos- 
terior cavities. Six muscle scars are vis- 
ible, four of which are arranged in an 
irregular vertical row, with two more 
larger scars in front of them. 

Length of holotype 0.67 mm.; height 
0.38 mm.; width 0.27 mm. 

Occurrence.—C. (H.) watervalleyensis 
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is common in the lower Jackson of Ala- 
bama and Mississippi, but is rare in 
Louisiana samples. 

Types.—Holotype, H. V. Howe coll,, 
no. 1474, from Loc. 5; paratypes, nos, 
1475, 1476, from Loc. 3. 


CYTHERIDEA (HAPLOCYTHERIDEA) WATER- 
VALLEYENSIS Stephenson var. LAWI 
Stephenson, n. var. 


This variety differs from the typical 
form in possessing fine, closely spaced 
pits over the entire exterior of the cara- 
pace. The variety and typical species are 
identical except for this feature, and 
have been found by me to occur together 
in the same samples in localities from the 
lower Jackson. 

Length (left valve) 0.83 mm.; height 
0.49 mm. 

The variety is named in honor of John 
Law, student of the Vicksburg Ostra- 
coda at Louisiana State University. 

Types.—Syntypes, H. V. Howe coll., 
nos. 1477, 1478, from Loc. 1. 


Subgenus CLITHROCYTHERIDEA 
Stephenson, 1936 


CYTHERIDEA (CLITHROCYTHERIDEA) 
CALDWELLENSIS Howe and 
Chambers 


Plate 26, figure 13 


Cytheridea ? caldwellensis Howe and CHam- 
BERS, 1935, Louisiana Dept. Cons., Geol. 
Bull. 5, pp. 11, 12, pl. 1, fig. 7; pl. 2, figs. 
4-6. 


This species is here included for sub- 
generic assignment. The original descrip- 
tion of the hinge, which is of the Clithro- 
cytheridea type, is quoted. 


Hinge line straight. In the left valve the hinge 
consists of a finely crenulate ridge outlined 
dorsally by an incised line. At either end of the 
ridge is an elongate, crenulate pit. In the right 
valve there is a straight, long, narrow, crenu- 
late groove in the edge of the dorsal margin, at 
either end of and below which is a prominent 
projecting cusp bearing five or six small crenu- 
lations. 


Length (left valve) 0.71 mm.; height 


0.38 mm. 
Occurrence.—This distinctive species 
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has been observed by me only from the 
Moody’s Branch marl of the lower Jack- 
son, Eocene. A single valve, having the 
appearance of a reworked specimen, was 
encountered in the Red Bluff. 

Types.—Hypotypes, H. V. Howe coll., 
nos. 1496, 1497, from Loc. 1. 


CYTHERIDEA (CLITHROCYTHERIDEA) 
GRIGSBYI Howe and Chambers var. 
CHICKASAWHAYANA Stephenson, n. var. 


Plate 26, figure 12 


Cytheridea sp. 1, Howe, 1934, Guide Book, 
Eleventh Annual Field Trip of Shreveport 
Geol. Soc. 

This variety differs from the typical 
form in having much smaller pits, which 
are more closely spaced and cover the 
entire exterior of the carapace, giving it 
a somewhat granular appearance. The 
normal pore canals, the exterior extremi- 
ties of which are flush with the outer sur- 
face of the valves in the typical species, 
are marked by distinct, fairly large pits 
in the variety. In adult specimens, the 
dorsal margin is fairly strongly arched to 
a maximum height at the anterior car- 
dinal angle, and flattened along the hinge 
line. The hinge structure is similar to the 
typical, except for the depressed area 
separating the bar between the sockets 
from the dorsal margin in the left valve, 
which is weakly developed. In the right 
valve, the dorsal margin is very low 
above the groove between the terminal 
dental areas. 

Length 0.86 mm.; height 0.44 mm.; 
width 0.39 mm. 

Remarks.—The new variety is distinct 
from C. (C.) grigsbyi var. vicksburgensis 
Stephenson, from the Byram marl, Oli- 
gocene. While the outline is very similar 
in side view, the carapace of the new 
variety is heavier, the pits are much 
finer, and the larger pits marking the 
normal pore canals are distinctive. 

Occurrence.-—This variety is common 
in both members of the Chickasawhay. 
Figured specimens are from Loc. 7. 

Types.—Holotype, H. V. Howe coll., 
no. 1505; paratypes, nos. 1506, 1507. 
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CYTHERIDEA (CLITHROCYTHERIDEA) GRIGS- 
BYI Howe and Chambers var. JACKSON- 
ENS1S Stephenson, n. var. 
Text-figure 20 


This variety differs from the typical 
species only in the pattern of the pitting 
on the exterior of the carapace. The typi- 
cal species is thickly covered with fine, 
equally spaced pits (text-fig. 19, hypo- 
type, no. 1498, of C. (C.) grigsbyi Howe 
and Chambers, from Loc. 1, used for 
this drawing). In the new variety, the 
pits are fewer in number, and are ar- 
ranged in groups of about six pits, each 
group being isolated from neighboring 
groups by narrow, unpitted areas (text- 
fig. 20). This pattern is most prominent 
on the inflated portion of the carapace 
wall. Typical species and variety are 
identical with respect to all other shell 
characters. 

Length (right valve) 0.69 mm.; height 
0.34 mm. 

Occurrence.—Basal Jackson at Loc. 1, 
from which station the variety is de- 
scribed. It occurs here in association with 
the typical species. 

Types.—Holotype, H. V. Howe coll., 
no. 1499 (right valve); paratype, no. 
1500. 


CYTHERIDEA (CLITHROCYTHERIDEA) 
HOWE! Stephenson, n. sp. 
Plate 26, figure 9; Text-figures 
3, 4, 7, 15, 16, 27 

Carapace heavy, in side view sub- 
ovate, anterior cardinal angle slightly 
higher than the posterior. Anterior end 
broadly and evenly rounded, bearing 
about ten short, blunt spines on the ven- 
tral half of the right valve, with a fewer 
number on the left valve. Anterior end 
passes in a smooth curve into the sub- 
parallel dorsal and ventral margins, 
which converge slightly toward the pos- 
terior. Posterior end nearly vertical in 
most specimens, producing almost a 
right angle at the postero-ventral angle. 
Entire surface somewhat rough, with 
closely spaced, very shallow pits and ir- 
regular depressions. The major sculptur- 
ing superimposed on this is very pro- 
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nounced in the right valve, and entirely 
absent in the left valve (text-fig. 27). In 
the right valve, a small, subspherical 
node is visible, very near the postero- 
ventral angle. A second less prominent 
node is situated somewhat anterior to it, 
with a third, more broadly rounded ele- 
vation in front of it and higher on the 
carapace wall. The area adjacent to the 
posterior cardinal angle is strongly in- 
flated, producing a broad depression in 
the central portion of the valve between 
it and the anterior of the three nodes. 
Slight dorsal and ventral thickenings of 
the carapace wall are visible on the an- 
terior end, with a depressed area between 
and posterior to them. Nodular inflations 
absent on the left valve, which is very 
strongly inflated in the dorsal portion of 
the posterior end. Hinge in the right 
valve with elongate, notched dentitions 
sloping into a lower, slightly grooved 
connecting line of crenulations. In the 
left valve, hinge composed of deeply in- 
cised, notched sockets, connected by a 
bar which is somewhat overhanging 
toward the interior of the carapace, and 
is separated from the dorsal margin by 
a shallow depressed area. Marginal area 
of moderate width, carrying about thirty 
radial pore canals on the anterior. Muscle 
scar pattern typical for the genus. 

Length 0.76 mm.; height 0.43 mm.; 
width 0.39 mm. 

The species is named in honor of 
Henry V. Howe, Director of the School 
of Geology, Louisiana State University, 
who so generously assisted in the prep- 
aration of this report. 

Occurrence.—C. (C.) howei is confined 
to the upper Chickasawhay member of 
the Catahoula Miocene, and is an ex- 
cellent index fossil for this horizon. 

Types.—Holotype, H. V. Howe coll., 
no. 1512; paratypes, nos. 1513, 1514; 
from Loc. 9. 


CYTHERIDEA (CLITHROCYTHERIDEA) 
SHUBUTENSIS Stephenson, n. sp. 
Plate 26, figure 1; Text-figure 23 
Carapace in side view subreniform, 
highest somewhat anterior to the middle. 
Dorsal margin weakly arched, subparal- 
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lel to the slightly indented ventral mar- 
gin. Anterior end broadly and obliquely 
rounded, posterior end sloping steeply to 
the rounded postero-ventral angle. En- 
tire surface covered with large, deep, 
closely spaced, subcircular pits. Hinge in 
the right valve composed of slightly ele- 
vated dental areas, notched into about 
five cusps, connected by a deep, crenu- 
lated trench, above which the dorsal 
margin extends as a low bar. In the left 
valve, hinge with corresponding notched 
sockets, with an elevated, crenulate bar 
joining them, separated from the dorsal 
margin by a faintly incised line. A faint 
lip line is visible on the posterior half of 
the ventral margin of the left valve. 
Marginal areas of moderate width, with 
about twenty simple radial pore canals 
on the anterior. 

Length (right valve) 0.67 mm.; height 
0.34 mm. 

Remarks.—The hinge structure of this 
species must be carefully observed to in- 
sure proper generic assignment. An un- 
described species of Cythereis, almost 
exactly similar from the exterior in re- 
gard to shape and ornamentation, can 
be differentiated only on the basis of the 
hinge line. 

Occurrence.—This species is rather 
rare in the Jackson, having been ob- 
served by me only in the lower part of 
the Moody’s Branch marl, at Locs. 1 
and 3. Figured specimens are from the 
Cocoa sand at Loc. 3. 

Types.—Syntypes, H. V. Howe coll., 
nos. 1472, 1473. 


Subgenus LEPTOCYTHERIDEA 
Stephenson, n. subgen. 


Subgenotype: Cytheridea (Leptocytheridea) 
fragillissima Stephenson. 


Carapace thin and small for the genus; 
in side view subpyriform, about one and 
one-half times as long as high, with the 
greatest height somewhat anterior to the 
middle. Dorsal and ventral margins con- 
verge to the posterior; anterior end well 
rounded, posterior end steeply sloping to 
the acute or somewhat rounded postero- 
ventral angle. One or both valves may 
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bear short spines on the ventral half of 
the anterior end, which are usually better 
developed in the right valve when pres- 
ent. A single longer, blunt spine at the 
postero-ventral angle of the right valve, 
sometimes flanked by several short 
spines, occurs in a number of species. 
Surface smooth, pitted, or rather weakly 
ornamented. Hinge structure slender and 
very delicate. The right valve possesses 
terminal taxodont dental areas, cut into 
about six dentitions, which are truncated 
into a narrow, crenulate, connecting 
groove, which is terminated dorsally by 
the low dorsal margin, rising as a slender 
bar above it. The complimentary hinge 
line of the left valve is made up of 
notched sockets corresponding to the 
terminal teeth of the right valve, between 
which is a slender, finely notched bar, 
usually separated from the dorsal margin 
by a faintly incised line. Marginal areas 
usually narrow, carrying a moderate 
number of simple, fairly straight radial 
pore canals. Muscle scar pattern charac- 
teristic for the genus, consisting of four 
ovoid scars vertically situated in a row, 
often arcuate, with two additional, 
obliquely elongate scars anterior to them. 
Remarks.—The extreme delicacy of 
shell structure of this subgenus, with its 
weakly ornamented exterior, distin- 
guishes it from the subgenus Clithro- 
cytheridea, which possesses a very heavy, 
usually strongly sculptured carapace. 
The hinge structure of the two subgenera 
show decided affinities. It is distinct from 
the subgenus Haplocytheridea in the 
characteristics of the hinge line, and in its 
ordinarily smaller, more fragile carapace. 
The range of Leptocytheridea, as ob- 
served by me, is Eocene to Recent. 


CYTHERIDEA (LEPTOCYTHERIDEA) FRAGILLIS- 
sIMA Stephenson, n. sp. 
Plate 26, figure 14; Text-figures 5, 6 
Cytheridea sp. 2, Howe, 1934, Guide Book, 


Eleventh Annual Field trip of Shreveport 
Geol. Soc. 


Carapace small, thin, in side view sub- 
pyriform, highest and thickest slightly 
anterior to the middle. Dorsal margin 
weakly arched, with weak cardinal 
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angles; ventral margin almost straight in 
the left valve, slightly concave in the 
right valve. Anterior end_ broadly 
rounded, often bearing several very 
short, blunt spines in the right valve. 
Posterior end sloping steeply to the some- 
what rounded postero-ventral angle, 
which usually bears one fairly long, 
slender spine in the right valve. Entire 
surface covered with closely spaced, very 
fine pits, with a faintly defined, slightly 
oblique, median vertical sulcus usually 
visible, sometimes paralleled by a similar 
depression. Hinge structure very deli- 
cate; in the right valve composed of 
slender terminal dentitions, notched to 
form about six cusps. A narrow, crenu- 
late groove extends between the dental 
areas, becoming obscure near the pos- 
terior dentition. The groove is bounded 
dorsally by the faintly defined dorsal 
margin. In the left valve, hinge with 
notched terminal sockets, connected by 
a narrow, crenulate bar, which is sep- 
arated from the dorsal margin by a shal- 
low depressed area. Marginal areas very 
narrow, carrying about fifteen simple 
radial pore canals on the anterior, and 
about half that number on the posterior. 
Length of syntype (right valve) 0.56 
mm.; height 0.33 mm.; length (left 
valve) 0.58 mm.; height 0.35 mm. 
Remarks.—C. (L.) fragillissima is 
closely related to C. (L.) byramensis 
Stephenson, a species recently described 
(Stephenson, 1936) from the Byram 
marl, Oligocene. It is most easily dis- 
tinguished from the Oligocene form by 
the presence of surface pitting. A third 
similar species, C. (L.) choctawhatcheensis 
Howe and Stephenson from the Arca 
zone of the Choctawhatchee, Miocene 
(see Howe and Stephenson, 1935a), is dis- 
tinct from the two above-mentioned 
species in having a much higher pos- 
terior cardinal angle, with a much more 
steeply sloping posterior end. 
Occurrence—This species is fairly 
common in the lower and upper Chick- 
asawhay beds. The figured specimens are 
from Loc. 8. 
Types.—Syntypes, H. V. Howe coll., 
nos. 1508, 1509, from Loc. 8. 
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CYTHERIDEA (LEPTOCYTHERIDEA) KELLUMI 
Howe and Stephenson 
Plate 26, figure 5 
Cytheridea kellumi Howe and STEPHENSON, 

1935, Louisiana Dept. Cons., Geol. Bull. 5, 

p. 16, pl. 1, fig. 11; pl. 2, figs. 13-15. 

This small, fragile, smooth species oc- 
curs at most Jackson Eocene localities. 
The hinge is exceedingly slender and 
delicate, consisting in the right valve of 
slightly raised dental areas, between 
which is a narrow, depressed line of 
crenulations. In the left valve the hinge 
possesses elongate, faintly notched sock- 
ets, with a slightly raised bar between 
them, separated from the dorsal margin 
by a faintly incised line. A slight groove 
is visible for a short distance in front of 
the posterior socket and below the bar. 

Length (right valve) 0.55 mm.; height 
0.31 mm. 

Types.—Hypotypes, H. V. Howe coll., 
nos. 1494, 1495, from Loc. 2. 


CYTHERIDEA (LEPTOCYTHERIDEA) MCGUIRTI 
Stephenson var. MISSISSIPPIENSIS 
Stephenson, n. var. 

Plate 26, figure 17 


This variety differs from the typical 
form in the surface pitting on the exterior 
of the carapace, the pits being very much 
finer and very closely spaced. The slight 
development of nodes, often present on 
the typical species as well as the variety, 
is a variable feature in both, and may be 
entirely lacking. 

Length (left valve) 0.60 mm.; height 
0.35 mm. 

Occurrence.—The new variety has been 
observed by me only at Loc. 6 in the 
Red Bluff Oligocene, from which it is de- 
scribed. 

Types.—Syntypes, H. V. Howe coll., 
nos. 1517, 1518. 


CYTHERIDEA (LEPTOCYTHERIDEA) WAILESI 
Stephenson n. sp. 
Plate 26, figure 11; Text-figure 14 


Carapace small, fragile, in side view 
subpyriform. Dorsal margin gently 
arched; ventral margin slightly convex. 
Anterior end broadly and obliquely 
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rounded; posterior end sloping steeply to 
the rounded postero-ventral angle. Sur- 
face smooth. Hinge in the right valve 
possesses narrow, faintly notched den- 
titions, between which is a low line of 
fine crenulations. In the left valve, hinge 
with terminal notched sockets, connected 
by a somewhat elevated, slender bar, 
which is separated from the dorsal mar- 
gin by an incised line. Marginal area 
very narrow, carrying about fifteen to 
twenty short, straight, radial pore canals, 
Muscle scar area identical with that of 
C. (H.) chamberst. 

Length (left valve) 0.56 mm.; height 
0.31 mm. 

Remarks.—This lower Jackson species 
is somewhat similar to C. (H.) chambersi, 
but is more fragile, the hinge is much 
more slender, and is of the Leptocyther- 
idea type. C. (L.) wailesi likewise has 
fewer radial pore canals, and the mar- 
ginal area is much narrower. 

Occurrence.-—Lower Jackson, Eocene, 
Mississippi. 

Types.—Holotype, H. V. Howe coll., 
no. 1496 (left valve), from Loc. 3; para- 
type, no. 1497 (right valve), from Loc. 1. 


CYTHERIDEA (LEPTOCYTHERIDEA) WAYNENSIS 
Stephenson, n. sp. 
Plate 26, figure 8 

Cytheridea sp. 5, Howe, 1934, Guide Book, 

Eleventh Annual Field Trip of Shreveport 

Geol. Soc., pl. 1, fig. 10. 

Carapace small, in side view subpyri- 
form, highest just anterior to the middle. 
Dorsal margin weakly arched, ventral 
margin slightly convex. Anterior end 
broadly rounded, often bearing about 
twelve short, blunt spines on the ventral 
half of the right valve. Surface finely and 
evenly pitted. Three prominent nodes 
are present on all specimens, two verti- 
cally situated, one above the other, at the 
posterior one-third of the length of the 
shell, and the third anterior to them, the 
three nodes roughly forming the apices 
of an equilateral triangle. Several smaller 
nodes are usually developed, their size 
and position being somewhat variable. 
Hinge in the right valve composed of 
elongate, notched dental areas, which are 














gently truncated into a slender, finely 
crenulate groove immediately below the 
dorsal margin. In the left valve, hinge 
with notched, terminal sockets, between 
which is a bar which is highest at its mid- 
point, and which is separated from the 
dorsal margin by a faintly incised line. 
Marginal area very narrow, with about 
twenty radial pore canals on the anterior. 

Length (right valve) 0.55 mm.; height 
0.33 mm. 

Occurrence.—This species is restricted 
to the upper Chickasawhay member of 
the Catahoula, Miocene, where it is 
rather rare. Figured specimens are from 
Loc. 8. 

Types.—Holotype, H. V. Howe coll., 
no. 1510; paratype, no. 1511. 


LOCALITIES 


Loc. 1.—Basal Moody’s Branch marl, lower 
Jackson, Eocene, as exposed on the north 
side of Town Creek where it is crossed by 
the Great Northern Railroad bridge, Jack- 
son, Miss. The foraminiferal fauna of this 
locality includes numerous large species of 
the Miliolidae. The ostracode genus Cyther- 
idea is represented by several species which 
have not been observed by me in Louisiana. 
Collected by W. H. Hadley, Jr., and M. B. 
Stephenson. 

Loc. 2.—Textularia dibollensis zone of the 
Moody’s Branch marl, lower Jackson, 
Eocene, at Hyson Bluff on the Ouachita 
River, Caldwell Parish, La. Collected by 
W. D. Chawner. 

Loc. 3.—Cocoa sand of C. W. Cooke (1933), 
under Shubuta Bridge over the Chickasaw- 
hay River, approximately along the north 
line of the NW. }, sec. 10, T. 10 N., R. 7 W., 
Clarke County, Miss. Collected by E. T. 
and Emil Monsour, and J. W. Lea. 

Loc. 4.—Lower Jackson, Eocene, 27 feet be- 
low the Cocoa sand, on “‘Slick”’ or Keyser 
Hill, one-fourth of a mile west of Water 
Valley, Ala. Collected by H. V. Howe. 

Loc. 5.—Jackson, Eocene, at Danville Land- 
ing on the Ouachita River, Catahoula Par- 
ish, La. Several species included in this re- 
port were collected from the two beds at 
this locality, referred to as the ‘Upper 
Horizon” and ‘‘Lower Horizon” by Howe 
and Wallace (1932). The upper bed is in the 
Massilina pratti zone of the upper Jackson, 
while the lower bed is in the Textularia 
hockleyensis zone of the middle Jackson. 
Upper bed collected by W. D. Chawner; 
lower bed by H. V. Howe. 
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Loc. 6.—Red Bluff, Oligocene, at Hiwannee, 
Miss., on the east bank of the Chickasaw- 
hay River, 250 feet west of Hiwannee 
Railway station, at about the center of the 
NE. }, sec. 28, T. 10 N., R. 7 W., Wayne 
County, Miss. The material examined was 
collected at the highest part of the bluff by 
H. V. Howe. 

Loc. 7.—Lower Chickasawhay member of the 
Catahoula, Miocene, on the west bank of 
the Chickasawhay River, just above water 
level at an elevation of about 130 feet, in 
the NE. 3 of the SW. i, sec. 10, T. 8 N., 
R. 7 W., Wayne County, Miss. Collected 
by H. V. Howe. 

Loc. 8.—Upper Chickasawhay member of the 
Catahoula, Miocene, 100 feet west of center 
of sec. 18, T. 8 N., R. 5 W., Wayne County, 
Miss. Elevation, 184 feet. Collected by 
B. W. Blanpied. 

Loc. 9.—Upper Chickasawhay member of the 
Catahoula, Miocene, on the southwest bank 
of the Chickasawhay River just above the 
bridge, 2 miles south of Waynesboro, in 
the NW. 3 of the NW. 3, sec. 25, T. 8 N., R. 
7 W., Wayne County, Miss. Collected by 
B. W. Blanpied. 


REFERENCES 


Cooke, C. W., 1933, Definition of Cocoa 
sand member of Jackson formation: Am. 
Assoc. Petroleum Geologists, Bull., vol. 17, 
no. 11, pp. 1387, 1388. 

Howe, H. V., 1934, Guide Book, Eleventh 
Annual Field Trip of Shreveport Geol. Soc. 

, 1936, Ostracoda of the genus Eucy- 

there from the Tertiary of Mississippi: Jour. 

Paleontology, vol. 10, pp. 143-145. 

, and CHAMBERS, JACK, 1935, Louisiana 

Jackson Eocene Ostracoda: Louisiana Dept. 

Cons., Geol. Bull. 5. 

, and Law, JouN, 1936, Louisiana 

Vicksburg Oligocene Ostracoda: Louisiana 

Dept. Cons., Geol. Bull. 7. 

, and STEPHENSON, M. B., 1935, 

Louisiana Dept. Cons., Geol. Bull. 5. 

, and STEPHENSON, M. B., 1935a, 
Ostracoda of the Arca zone of the Chocta- 
whatchee Miocene of Florida: Florida Dept. 
Cons., Geol. Bull. 13, pp. 9, 10, pl. 2, fig. 11; 
pl. 4, fig. 9. 

———, and WALLAcE, W. E., 1932, Foramin- 
ifera of the Jackson Eocene at Danville 
Landing on the Ouachita: Louisiana Dept. 
Cons., Geol. Bull. 2, pp. 8-10. ; 

STEPHENSON, M. B., 1936, Louisiana Vicks- 
burg Oligocene Ostracoda: Louisiana Dept. 
Cons., Geol. Bull. 7, p. 32, pl. 2, fig. 17; pl. 
3, figs. 16, 17. 

, 1936a, Shell structure of the ostracode 

genus Cytheridea: Jour. Paleontology, vol. 

10, pp. 695-703. 




















Morton B. STEPHENSON, LOUISIANA STATE University, BATON RouGE, Louisiana. MANu- 
SCRIPT RECEIVED BY THE Epitor, AuGustT 28, 1936. 











SOCIETY RECORDS AND ACTIVITIES 





MEMBERS OF THE SOCIETY OF ECONOMIC PALEONTOLOGISTS 
AND MINERALOGISTS 


ApDAMS, JOHN Emery, Drawer R, Mid- 
land, Texas 

*ADKINS, WALTER Scott, Shell Pe- 
troleum Company, Shell Bldg., Hous- 
ton, Texas 

*ALEXANDER, A. D., Buffalo Museum of 
Science, Buffalo, New York 

ALEXANDER, C. I., Magnolia Petroleum 
Company, Lake Charles, Louisiana 

ANDERSON, FRANK MARION, 58 Hillcrest 
Road, Berkeley, California 

AppLin, Mrs. EstTHER R., 2200 Edwin 
Avenue, Fort Worth, Texas 

Arick, MILLARD B., Humble Oil and 
Refining Company, Midland, Texas 

BAKER, WILLIAM A., JR., Huasteca Pe- 
troleum Company, Tampico, Tamps., 


Mexico 
*BaLL, JOHN RicE, Department of Ge- 
ology, Northwestern University, 


Evanston, Illinois 

BARBAT, WILLIAM F., Standard Oil 
Company, Bin XX, Taft, California 

*BARKER, REGINALD W., Apartado 150, 
Tampico, Tamps., Mexico - 

BARTON, DonaLp C., Humble Oil and 
Refining Company, Box 2180, Hous- 
ton, Texas 

BAssLER, R. S., U. S. National Museum, 
Washington, D. C. 

BAUERNSCHMIDT, A. J., JR., Magnolia 
Petroleum Company, Box 111, Hous- 
ton, Texas 

Bay, Harry X., State Geological Survey, 
Urbana, IIlinois 

BELL, FRANK W., Shell Petroleum Com- 
pany, 205 Professional Bldg., Long 
Beach, California 

BENEDUM, DARWIN, 414 West Elsmere 
Place, San Antonio, Texas 

*BERMUDEZ, PEDRO J., U. S. National 
Museum, Washington, D. C. 

BERNOULLI, W., 57 Sissacherstrasse, 
Basel, Switzerland 

*BLAKE, CHARLES H., Massachusetts 
Institute of Technology, Cambridge, 
Massachusetts 


*BowLeEs, EpGar O., Geology Depart- 
ment, Johns Hopkins University, 
Baltimore, Maryland 

BoyLE, GEORGE R., Box 76, Mission, 
Texas 

BRADFIELD, HERBERT H., Texas Com- 
pany, Fort Worth, Texas 

BRANSON, E. B., University of Missouri, 
Columbia, Missouri 

*BRAUNSTEIN, JULES, 531 W. 
Street, New York City 

CAMPBELL, ROBERT B., 602 Wallace S. 
Bldg., Tampa, Florida 

CANFIELD, CHARLES R., 505 E. Fesler 
Avenue, Santa Maria, California 

*CarTER, C. W., Johns Hopkins Uni- 
versity, Baltimore, Maryland 

CHARLTON, FRANCES, Pure Oil Com- 
pany, Houston, Texas 

CHENEY, M. G., P. O. Box 446, Coleman, 
Texas 

CHURCH, CLIFFORD C., 79 New Mont- 
gomery Street, San Francisco, Cali- 
fornia 

*CLair, J. R., 3929 College Avenue, 
Kansas City, Missouri 

CLARK, J. W., Magnolia Petroleum 
Company, Box 780, Tyler, Texas 

*COHEE, GEORGE V., 234 Natural His- 
tory Bldg., University of Illinois, 
Urbana, Illinois 

*Coomss, Howarp A., 112 Johnson Hall, 
University of Washington, Seattle, 
Washington 

CorYELL, Horace N., Columbia Uni- 
versity, New York City 

Cox, BEN Burton, New York City 

Cram, IRA Hiccins, Pure Oil Company, 
Box 271, Tulsa, Oklahoma 

CRONEIS, CAREY G., Walker Museum, 
University of Chicago, Chicago, IIli- 
nois 

Cruse, JoHN S., Amerada Petroleum 
Company, Houston, Texas 

CusHMAN, JosEPH A., 76 Brook Road, 
Sharon, Massachusetts 


122d 











CHARLES E., University of 


DECKER, 
Oklahoma, Norman, Oklahoma 

De GoLyER, E., 120 Broadway, New 
York City 


*DENHAM, RICHARD L., Humble Oil 
Company, Midland, Texas 

DEUSSEN, ALEXANDER, 1606 Post Dis- 
patch Bldg., Houston, Texas 

DICKERSON, Roy E., Room 1411, 2605 
Broad Street, Philadelphia, Pennsyl- 
vania 

DoNOGHUE, DaAvip, Consulting Geolo- 
gist, Fort Worth National Bank 
Bldg., Fort Worth, Texas 

Dorr, JAMES B., Shell Petroleum Corpo- 
ration, Box 2099, Houston, Texas 

DRIVER, HERSCHEL L., 630 Palm Drive 
West, Glendale, California 

*DuUNBAR, CARL O., Peabody Museum, 
Yale University, New Haven, Con- 
necticut 

*DUNBAR, CLARENCE P., 1116 Leeland 
Street, Houston, Texas 

*DuRGAN, HERBERT L., 3204 N. Hudson 
Street, Oklahoma City, Oklahoma 

*DuSENBURY, ARTHUR N., 179 Church 
Street, White Plains, New York 

EpwarpDs, EVERETT C., Box 493, Oil- 
dale, California 

*ELLIs, BROOKS FLEMING, New York 
University, New York City, New 
York 

Ettisor, ALvA C., Humble Oil and Re- 
fining Company, P. O. Drawer D, 
Houston, Texas 

*EmEIs, J. D., Paleontologist B.P.M., 
68 Pangkalan Brandan, Sumatras 
East Coast, D.E.I. 

FABIANI, Dr. R., R. Universita, via 
Magueda, Palermo, Italy 

*FERGUSON, KENNETH E., 410 Niels 
Esperson Bldg., Houston, Texas 

*FETTKE, CHARLES R., 118 Wightman 
Street, Pittsburgh, Pennsylvania 

FLAGLER, C. W., Colombian Petroleum 
Company, Apartado 100, Cucuta, 
Colombia, S. A. 

Fritz, WILLIAM CLAYTON, Skelly Oil 
Company, Midland, Texas 

GaLLoway, JESSE J., University of In- 
diana, Bloomington, Indiana 


SOCIETY RECORDS AND ACTIVITIES 


161 


GALBRAITH, T. J., 1509 Smith Young 
Tower, San Antonio, Texas 

GARDNER, JuLIA, U. S. Geological Sur- 
vey, Washington, D. C. 

GARRETT, J. B., Stanolind Oil and Gas 
Company, Gulf Bldg., Houston, 
Texas 

GETZENDANER, F. M., 423 North Park 
Street, Uvalde, Texas 

GILEs, ALBERT W., University of Arkan- 
sas, Fayetteville, Arkansas 

*GiLL, J. P., Box 978, Ardmore, Okla- 
homa 

GILL, WILLARD, 166 Woodland, Wor- 
cester, Massachusetts 

GLENN, LEONIDEsS C., Vanderbilt Uni- 
versity, Nashville, Tennessee 

GoupkorF, PAuL P., 799 Subway Ter- 
minal Bldg., Los Angeles, California 

GRANT, U. S., IV, Geology Department, 
University of California, Los Angeles, 
California 

*GRAVELL, DoNnaALp W., 2309 Huldy, 
Houston, Texas 

GREEN, Guy E., 1012 W. 
Street, San Antonio, Texas 

GREENE, FRANK C., Box 138, Rolla, 
Missouri 

GriEG, D. A., c/o Thomas Cook and 
Son, Ltd., Berkeley Street, Picca- 
dilly, London, W. I., England 

GRILEY, Horace L., Sun Oil Company, 
Box 1348, Tulsa, Oklahoma 

*GULLY, PHILLIP D., Box 1024, Beeville, 
Texas 

Havsouty, M. T., 1467 Avenue B, Beau- 
mont, Texas 

HAMILL, JAMES M., Box 1640, Station 
C, Los Angeles, California 

HAMILTON, C. E., 1916 North Drexel 
Street, Oklahoma City, Oklahoma 

HANNA, G. DaALvas, Associated Oil 
Company, 79 New Montgomery 
Street, San Francisco, California 

Hanna, Marcus A., P. O. Box 2100, 
Houston, Texas 

HarRRIs, REGINALD W., University of 
Oklahoma, Norman, Oklahoma 

HARLTON, Bruce H., P. O. Box 2040, 
Amerada Petroleum Corporation, 
Tulsa, Oklahoma 


Huisache 











162 


HAWKINS, GLEN D., 423 S. Allegheny 
Avenue, Tulsa, Oklahoma 

*HAWwKINS, HAROLD H., 1757 N. Street, 
NW., Washington, D. C. 

HAZZARD, Roy THorpE, P. O. Box 1731, 
Shreveport, Louisiana 

HEDBERG, HOLtis D., Apt. 234, Mara- 
caibo, Venezeula 

HENBEsST, LLoyp G., U. S. Geological 
Survey, Washington, D. C. 

HENDERSON, JuNius, 1305 Euclid Ave- 
nue, Boulder, Colorado 

*HENDERSON, Mrs. Doska M., 141 South 
Fuller Street, Los Angeles, California 

*HENDRICKS, LEO, 515 S. Adams Street, 
Forth Worth, Texas 

*HIBBARD, RAYMOND R., 219 Bissell 
Avenue, Buffalo, New York 

HILL, RoBErt, Jefferson Hotel, Dallas, 
Texas 

*HOFFMAN, OLIVE, Phillips Petroleum 
Company, Wichita, Kansas 

HOoLpEN, R. J., Virginia Polytechnic In- 
stitute, Blacksburg, Virginia 

HOLLAND, LAURIER F. S., 1768 La Brea 
Avenue, Hollywood, California 

HonEss, CHARLES W., Gypsy Oil Com- 
pany, Wichita, Kansas 

*Hoover, W. F., Department of Ge- 
ology, University of Illinois; Urbana, 
Illinois 

HORNBERGER, JOSEPH, JR., 2240 Inwood 
Drive, Houston, Texas 

Howe, HEnry V., Louisiana State Uni- 
versity, Baton Rouge, Louisiana 

*HowELL, B. F., Princeton University, 
Princeton, New Jersey 

HUDNALL, JAMES SHARON, Tyler, Texas 

HuGHEs, DONALD C., The Texas Com- 
pany, 929 South Broadway, Los 
Angeles, California 

HutTcHEson, R. B., Superior Oil Com- 
pany, Torrance, California 

Hutson, E. B., Standard Oil Company 
of Louisiana, Shreveport, Louisiana 

ISRAELSKY, MERLE C., United Gas 
Corporation, P. O. Box 1760, Hous- 
ton, Texas 

JABLONSKI, EUGENE, Schwarzenberg- 
platz, Vienna, Austria 

Jounson, J. HARLAN, P. O. Box 336, 
Golden, Colorado 


SOCIETY RECORDS AND ACTIVITIES 





*JOHNSON, WILLIAM R., Nebraska Ge. 
ological Survey, Lincoln, Nebraska 

*JORDAN, Louise, M.T.A. Enstitusu, 
Petrol Gruba, P.K. 116, Ankara, 
Turkey 

KANE, WILLIAM G., Apt. 134, Saltillo, 
Coahuila, Mexico 

KAUFMANN, GODFREY F., Huasteca Pe- 
troleum Company, Apartado 94, 
Tampico, Tamps., Mexico 

Kay, G. MaArsHALL, Columbia Uni- 
versity, New York City, New York 

*KELLER, W. D., 208 Swallow Hall, 
University of Missouri, Columbia, 
Missouri 

Kemp, AuGusta HAssLocK, Seymour 
Public Schools, Seymour, Texas 

*KINDLE, E. M., 33 Woodlawn, Ottawa, 
Ontario, Canada 

*KinG, Ratpo H., 1818-10th Street, 
Wichita Falls, Texas 

KING, ROBERT Evans, Shell Petroleum 
Company, Midland, Texas 

KNIGHT, J. BROOKES, Department of Ge- 
ology, Princeton University, Prince- 
ton, New Jersey 

KNIKER, Miss Hepwic T., Alamo Na- 
tional Bldg., San Antonio, Texas 

KocH-LAMBERT, RICHARD E., 30 Carel 
van Bylandtlaan, The Hague, Hol- 
land 

KORNFELD, M. M., Box 1119, Houston, 
Texas 

*KRUMBEIN, W. C., Department of Ge- 
ology, University of Chicago, Chi- 
cago, Illinois 

LAIMING, Boris G., The Texas Com- 
pany, 929 South Broadway, Los 
Angeles, California 

*LALICKER, CEcIL G., Phillips Petroleum 
Company, Box 1350, Corpus Christi, 
Texas 

*Lampt, Marc. R., 4100 E. English, 
Wichita, Kansas 

LEATHEROCK, CONSTANCE, 401 Am- 
bassador Hotel, Tulsa, Oklahoma 

*L1EBUS, ADALBERT, Paleontology De- 
partment, Vienna 3, Prag, Tchecho- 
slovakia 

Link, THEODORE A., Imperial Oil Com- 
pany, Calgary, Alberta, Canada 











Ltoyp, E. RussELL, Box 1106, Midland, 
Texas 

#1 0EBLICH, ALFRED R., 452 College 
Avenue, Norman, Oklahoma 

#1 ucas, ELMER L., Oklahoma University 
Station, Enid, Oklahoma 

LuGNn, ALVIN L., University of Nebraska, 
Lincoln, Nebraska 

LyNncH, SHIRLEY A., North Texas Agri- 
cultural College, Arlington, Texas 

MacFayDEN, W. A., Ministry of Eco- 
nomics and Communications, Bagh- 
dad, Iraq 

MacNauGHatTon, Lewis W., 611 Conti- 
nental Bldg., Dallas, Texas 

Mappox, GERALD C., 1508 N.W. 20th 
Street, Oklahoma City, Oklahoma 

*MALKIN, Doris S., 157-97th Street, 
Brooklyn, New York 

MAXWELL, RILEY GLENN, 1942 South 
7th Street, Abilene, Texas 

May, ARTHUR R., 405 Haberfelde Bldg., 
Bakersfield, California 

*MILLER, A. K., Iowa State University, 
Iowa City, Iowa 

MILLER, Guy Epwin, 205 Professional 
Bldg., Long Beach, California 

*Mitts, Litoyp C., Box 2107, Fort 
Worth, Texas 

*MiInTON, J. W., Box2880, McAllen, Texas 

Miser, HuGH D., U. S. Geological Sur- 
vey, Washington, D. C. 

Monsour, EL THomas, Cia. de Petroleo 
Mercedes, Apartado 94, Tampico, 
Tamps., Mexico 

MoorE, RAyMonpD C., University of 
Kansas, Lawrence, Kansas 

Moore, WILLIAM B., Atlantic Oil Re- 
fining Company, Esperson Bldg., 
Houston, Texas 

*MoremAN, W. L., Magnolia Petroleum 
Company, Oklahoma City, Oklahoma 

MorGAN, CHARLES GILL, 164 North 
Hill Avenue, Pasadena, California 

*MorNHINREG, A. R., United Gas Sys- 
tem, P. O. Box 2492, Houston, Texas 

Morrison, T. E., Humble Oil and Re- 
fining Company, Humble Bldg., 
Houston, Texas 

*Morrow, A. Lynpon, Magnolia Pe- 
troleum Corporation, 917 First Na- 
tional Bldg., Wichita, Kansas 


SOCIETY RECORDS AND ACTIVITIES 


163 


MosgEs, H. F., P. O. Box 272, Mount 
Pleasant, Michigan 

MUELLER, FREDERICK W., 1930 Sabine 
Pass Avenue, Beaumont, Texas 

MiLLERRIED, Dr. FRIEDRICH K. G., 
2a del Volga 18, Mexico, D. F. 

*NADEAU, BETTY KELLETT, 503 Edging- 
ton Apt., Wichita, Kansas 

NEEDHAM, CLAUDE E., New Mexico 
School of Mines, Socorro, New 
Mexico 

*NEWELL, NorMAN D., State Geological 
Survey of Kansas, Lawrence, Kansas 

NOMLAND, J. O., 160 Bell Avenue, Pied- 
mont, California 

Norton, R. D., Box 1737, The Texas 
Company, Shreveport, Louisiana 

*NUTTALL, W. L. F., Bataafsche Pe- 
troleum Maatschappij, Carel van 
Bylandtlaan, The Hague, Holland 

OLpHAM, ALBERT E., Arkansas Natural 
Gas Corporation, Shreveport, Louisi- 
ana 

Otsson, AXEL A., 48 Woodside Avenue, 
Gloversville, New York 

OwENS, FRITH CRAVENS, 
Laredo, Texas 

PALMER, Mrs. Dorortuy, Neptuno 234, 
Havana, Cuba 

PALMER, Mrs. KATHERINE V. W., 206 
Oak Hill Road, Ithaca, New York 

*PARKER, FRANCES, Over-The-Way, 141 
Carlton, Brookline, Massachusetts 

PATTERSON, JOSEPH M., 1602 Guadalupe 
Street, Laredo, Texas 

Patton, Leroy T., 2415 Nineteenth 
Street, Lubbock, Texas 

*PETTIJOHN, FRANCIS JOHN, University 
of Chicago, Chicago, Illinois 

Petty, DABNEY E., Petty Geophysical 
Engineering Company, San Antonio, 
Texas 

*PFANNKUCHE, Mrs. H. C., 516 Stofford 
Street, San Antonio, Texas 

*Praz, Dr. G. Dat, Via Giotto 20, 
Padova, Italy 

PLuMMER, F. B., University of Texas, 
Austin, Texas 

PoNnTON, GERALD M., 39 Fullerwood 
Drive, St. Augustine, Florida 

*Poor, R. S., Birmingham-Southern Col- 
lege, Birmingham, Alabama 


Box 548, 











164 


Porcu, EpwIin L., Jr., Box 573, San 
Antonio, Texas 

*PyEaTT, LLoyp M., United Production 
Corporation, Beeville, Texas 

RANKIN, WILBUR D’Arcy, 1325 Opechee 
Way, Glendale, California 

REED, E. C., Nebraska Geological Survey, 
Lincoln, Nebraska 

REED, RAtpu D., 322 W. Palm Drive, 
Pasadena, California 

REESIDE, JOHN B., Jr., U. S. National 
Museum, Washington, D. C. 

REITER, WILHELM A., 183 Madison 
Avenue, New York City 

RIcE, ELMER M., Box 22J, Van, Texas 

RicHarps, J. T., Box 1557, Oklahoma 
City, Oklahoma 

Ries, HEINRICH, Department of Ge- 
ology, Cornell University, Ithaca, 
New York 

RicGs, RoBERT J., Stanolind Oil and Gas 
Company, Box 591, Tulsa, Oklahoma 

*RoBeErTs, M. S., 307 Humble Annex 
B., Houston, Texas 

ROLSHAUSEN, F. W., 308 B Humble Oil 
Bldg., Humble Oil and Refining 
Company, Houston, Texas 

*ROPER, FRANK CHARLES, P. O. Box 
421, Lafayette, Louisiana 

Ross, CLARENCE S., U. S. Geological 
Survey, Washington, D. C. 

RotH, RoBert, Humble Oil and Refining 
Company, Wichita Falls, Texas 

Rounpy, P. V., U. S. Geological Survey, 
Washington, D. C. 
RuSSELL, R. D., Louisiana State Uni- 
versity, Baton Rouge, Louisiana 
*Rutscu, D. R., Naturhistor. Museum, 
Basle, Switzerland 

RYNIKER, CHARLES, Gypsy Oil Com- 
pany, Tulsa, Oklahoma 

SAMPLE, Hurst, Houston Oil Co., Pe- 
troleum Bldg., Houston, Texas 

SANDIDGE, JOHN R., Magnolia Petroleum 
Company, San Antonio, Texas 

SARGENT, ELwoop CATHER, Bureau of 
Economic Geology, Austin, Texas 

Sass, Louis C., Venezuela Gulf Oil Co., 
Apt. 234, Maracaibo, Venezuela, 
e % 

SCHENCK, HuBErRT G., Stanford Uni- 

versity, California 
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SCHUCHERT, CHARLES, Peabody Muy- 
seum, Yale University, New Haven 
Connecticut 


Scott, GAYLE, Texas Christian Uni- 
versity, Fort Worth, Texas 

SEASHORE, P. T., Houma, Louisiana 

SELIG, A. L., 3350 Wichita Street, Hous- 
ton, Texas 

SELLARDS, ExviAs H., Bureau of Eco- 
nomic Geology, Austin, Texas 

*SENN, ALFRED, Hasenrainstrasse 37, 
Binningsen, Switzerland 

Suay, D. C., 707 Petroleum Bldg., Fort 
Worth, Texas 

SHOENFELT, C. E., Petroleum Informa- 
tion, Inc., Denver, Colorado 

SIDWELL, RayMoND, Geology Depart- 
ment, Texas Technological College, 
Lubbock, Texas 

S1eGFus, STANLEY S., P. O. Box 548, 
Bakersfield, California 

SMALL, WALT M., European Gas and 
Electric Company, Vienna III/3 am 
Heumarkt 10, Austria 

SMITH, LEE CHERRY, Box 2880, Dallas, 
Texas 

SMITH, WAYNE M., Box 46A, Man- 
hattan Beach, California 

SPENCER, MAriA, Box 1106, Midland, 
Texas 

SPIEKER, EDMUND M., Orton Hall, Ohio 
State University, Columbus, Ohio 

SPRAGUE, ROBERT D., Box 1990, Fort 
Worth, Texas 

*STADNICHENKO, TAISIA, Department of 
the Interior, U. S. Geological Survey, 
Washington, D. C. 

STAINBROOK, M. A., Texas Techno- 
logical College, Lubbock, Texas 
STAUFFER, CLINTON R., University of 

Minnesota, Minneapolis, Minnesota 
*STEFANINI, Guiseppe, Istituto Geo- 
logico, R. Universita, Pisa, Italy 
STENZEL, HENRYK B., Bureau of Eco- 

nomic Geology, Austin, Texas 
STEPHENSON, LLoyp W., U. S. Geological 
Survey, Washington, D. C. 


STEPHENSON, Morton B., Louisiana 
State University, Baton Rouge, Lou- 
isiana 

STILL, J. T., 3 Oak Court, Houston, 
Texas 














*#SuTTON, A. H., University of Illinois, 
Urbana, Illinois 

*SwARTZ, FRANK M., 722 North Ather- 
ton, State College, Pennsylvania 

TaRR, Wititam A., 704 Westwood 
Avenue, Columbia, Missouri 

Tatum, EMMETT P., 1065 Humble Bldg., 
Houston, Texas 

TayLor, Dewitt E., 1924 Cedar Street, 
Bakersfield, California 

TAYLOR, WILLIAM HARLAN, 315 N. W. 
17th Street, Oklahoma City, Okla- 
homa 

THALMANN, Hans E., N. V. Nederland- 
sche Koloniale Petr. Mij., Palembang 
(Sumatra) 
Tuomas, N. L., Pure Oil Company, Fort 
Worth, Texas 
Tuomepson, M. L., 
Iberia, Louisiana 
THompson, S. A., Magnolia Petroleum 
Company, Box 900, Dallas, Texas 
*THorP, ELpoN M., Geology Depart- 
ment, Baylor University, Waco, 
Texas 

TIEJE, ARTHUR J., Cordova Hotel, 8th 
and Figuerosa Streets, Los Angeles, 
California 

TOMLINSON, CHARLES W., 509 Simpson 
Bldg., Ardmore, Oklahoma 

TRASK, PARKER D., U. S. Geological 
Survey, Washington, D. C. 

TWENHOFEL, W. H., University of Wis- 
consin, Madison, Wisconsin 

Upp, JERRY E., Amerada Petroleum 
Corporation, Box 995, Wichita, Kan- 
sas 

Upson, MERLIN E., Gulf Production 
Company, Fort Worth, Texas 

VANDERPOOL, H. C., Box 861, 
Oklahoma 

VAUGHAN, T. WAYLAND, 3333 P. Street, 
Washington, D. C. 

Von EstorrF, Fritz, Ned. Pacific Petr. 
Mij., Batavia Centrum, Java, D.E.I. 

*WaLpo, A. W., Mining Industries Ex- 
periment Station, State College, Penn- 
sylvania 

WaNLEss, Haro_p R., University of 
Illinois, Urbana, Illinois 

WaRTHIN, ALFRED S., JR., Vassar Col- 


Box 284, New 


Enid, 
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lege, Poughkeepsie, New York 
WatTERS, JAMES ALTON, Sun Oil Com- 
pany, Dallas, Texas 
WEAVER, CHARLES EDWARD, University 
of Washington, Seattle, Washington 


WEDEL, ARTHUR, Box 113, Lawton, 
Oklahoma 
WEEks, H. T., 1608 Walnut, Phila- 


delphia, Pennsylvania 

WEEKS, WARREN B., Phillips Petroleum 
Company, Box 491, El Dorado, 
Arkansa3 

WELLER, J. MArvin, State Geological 
Survey, Urbana, Illinois 

*WELLMAN, Dean C., 45 Davison Ave- 
nue, Highland Park, Michigan 

*WELLs, JOHN WEsT, Homer, New York 

WENTWORTH, C. K., Honolulu Board of 
Water Supply, Honolulu, T. H. 

WESTHEIMER, JEROME Max, §815-3d 
Avenue, Ardmore, Oklahoma 

WESTMORELAND, FRANK S., Shell Pe- 
troleum Company, Houston, Texas 

WEYMOUTH, ANDREW A., c/o Bahrein 
Petroleum Company, Bahrein Island, 
Persian Gulf 

WHIPPLE, G. LESLIE, 329 E. 19th Street, 
Long Beach, California 

WHITE, MAYNARD PREsSLEY, Gypsy Oil 
Company, Ardmore, Oklahoma 

Wuitney, F. L., University Station, 
Austin, Texas 

*WICKENDEN, ROBERT T. D., Geological 
Survey of Canada, Ottawa, Ontario, 
Canada 

*WILLIAMS, JAMES STEELE, U. S. Geo- 
logical Survey, Washington, D. C. 

WINKLER, Hans, 104 W. 32d Street, 
Austin, Texas 

WINTERER, EDWARD V., 2620 San Emido, 
Bakersfield, California 

WinToN, W. M., Texas Christian Uni- 
versity, Fort Worth, Texas 

WISSLER, STANLEY G., Box 511, Comp- 
ton, California 

Womack, BRAME, 502 Continental Bldg., 
Dallas, Texas 

WoopForD, ALFRED O., Pomona College, 
Claremont, California 

WRaATHER, W. E., 4300 Overhill Drive, 
Dallas, Texas 
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BARTLE, GLENN G., University of Kan- 
sas City, Kansas City, Missouri 
BAUDINO, FRANK J., 1608 Ridgewood, 
Houston, Texas 

BerG, GILMAN A., 506 Arnstein Bldg., 
Knoxville, Tennessee 

Fisk, HAROLD N., Louisiana State Geo- 
logical Survey, Baton Rouge, Louisi- 
ana 


* Associate members. 


JAMISON, CLAUDE TRASK, American 
Texas Oil Co., Sames-Moore Bldg., 
Laredo, Texas 

Jounston, LEsLIE A., Sinclair Prairie 
Oil Company, Tulsa, Oklahoma 

KILIAN, H. M., 942 W. 34th Street, Los 
Angeles, California 

Simon, Louis JOSEPH, 6763 Selma Ave- 
nue, Hollywood, California 
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